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DESIGN  OF  OPTIHUM  TWO-MIRROR  ANTENNAS  WITH  THE  OSCILLATION  OF 
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Xs  known  the  large  nuaber  of  the  antenna  systems  of  different 
fora.  Sufficiently  promising  for  the  ccnstructicn  multiple  function 
antennas  are  two-airror  - aplanatic  and  parabolic  antennas. 


Aplanatic  antennas  possess  the  substantially 
properties  in  comparison  with  parabolic  antennas. 


higher  scanning 


However,  of  aplanatic  antennas,  just  as  in  parabolic  and  all 
acnofocal  antennas,  have  the  fundamental  deficiency/lack  which 
contradicts  their  use  as  the  scanning  antennas.  Namely,  the 
aberrations  of  such  antennas  ace  proportional  tc  the  angle  of 
deflection  of  ray/beam.  Between  in  searching  sector,  all  directions 
are  equivalent  and  a decrease  in  the  amplification  at  the  *»dges  of 
sector  leads  to  the  loss  cf  information.  Therefore  most  adequate 
would  be  antenna  system  at  whose  aberrations  would  be  uniform  on 
entire  sector  of  scanning,  i.e.,  they  would  have  certain  limited 
value  (not  more  that  permissible,  for  example  x/4) , not  depending  on 
the  angle  of  deflection  of  ray/beam.  The  same  is  related  to  the  IR 
systems  of  discrete  scanning,  when  antenna  form/shapes  a series  of 
the  widely  diverse  ray/beams,  symmetrically  ar cange/located  relative 
to  axis.  Host  suitable  would  be  here  bifocal  anastigmatic  antenna, 
since  the  known  bifocal  antennas  form  pencil  beam  only  in  one 


section 
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Paye  4. 

Finally,  it  was  repeatedly  noted,  that  the  aplanatic  antennas, 
are  more  accurate,  sine  condition,  were  developed  for  the  paraxial 
region  of  infinitely  fine/thin  systems  with  a small  carrying  out  of 
source  from  focus.  In  wide-angle  antennas  and  the  objectives  it  is 
necessary  to  deal  with  far  from  such  simplified  circuits.  Thus,  for 
instance,  some  aplanatic  antennas  in  their  output  approach  a natural 
limit,  having  1:0.6  with  beam  width  1.1°  and  the  sector  of  scanning 
t10°.  Moreover,  a significant  deficiency/lack  in  the  aplanatic 
antennas  it  is,  in  the  general  case,  large  astigmatism,  for  the  value 
of  which  sine  condition  is  set  no  limitations,  since  it  is  obtained 
for  a meridian  cut.  but  between  astigmatism  in  large  measure  limits 
possibility  of  scanning  antennas  and  often  it  is  impossible  to 
realize  the  sector  of  scanning  which  is  designed  only  on  maximum 
distortions  in  meridian  plane. 

In  the  present  work  is  not  placed  the  target/purpose  of 
investigating  singirg  the  known  versions  of  the  optical-type  antennas 
with  the  oscillation  of  radiation  pattern  - this  material  can  be 
found  in  periodical  literature.  More  current  is  represented  another 
to  the  problem:  the  development  of  the  general  methods  of  the 
construction  of  the  antennas  which  could  optimally  solve  the 
problems,  appearing  before  radar  in  various  areas  of  technology. 
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namely,  it  is  desirable  to  construct  the  unified  theory  of  the 
scanning  optimum  antennas,  involving  both  formulation  of 
common/general/total  problems  and  the  procedure  of  their  solutio 
Are  presented  below  some  results  of  research  carried  out  in  the 
direction  of  optimization  and  optimum  synthesis  of  the  scanning 


antennas. 
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Chapter  I. 


CALCULATION  OF  TWO-MIRROR  ANTENNAS. 
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In  the  general  case  these  equation  are  not  solved  in 
quadratures,  but  the  application/use,  fcr  example,  of  a method  of 
numerical  integration  (Runge-Kutta)  requires  sc  that  the  derivatives 
dy/dx  would  be  expressed  in  an  explicit  form  as  function  x and  y. 


Page  6. 


Host  convenient  for  applying  the  numerical  methods  is 
the  surface  of  auxiliary  mirror  is  assigned  by  equation  of 


this  path 
the  type 


© 


which  contains  only  one  derivative 


and  characteristic  curve 
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can  be  with  any  accuracy  approximated  by  interpolotion  methods; 
the  surface  of  auxiliary  mirror  it  is  assigned  in  parametric  form. 

Further,  variety  of  the  antenna  systems  whose  equations  obtained 
in  different  time  and  by  the  different  authors,  does  not  make  it 
possible  to  construct  the  unified  theory  of  analysis  and  synthesis  or 
all  scanning  antennas,  for  example  mirror  type.  Therefore  the 
target/purpose  of  present  chapter  lies  in  the  fact  that,  introducing 
the  of  single  classification  of  axisymmetric  and  axially  n onsy mmet ric 
type  optical-type  antennas  and  obtaining  for  them 
common/general/total  calculated  equations. 

§1.  Generalization  of  the  equations  of  two-mirror  antennas. 

Is  known  at  present  a whole  series  of  circuits  two-mirror  of  the 
antennas,  which  are  characterized  by  from  each  other  mutual  location 
in  the  space  of  light  beams  at  input  (ray/beams  of  source)  and  at  tne 
output  of  antenna  (collimated  ray/beams),  and  also  by  the  structure 
of  intermediate  light  beam,  namely,  are  known  the  circuits  (Fig. 

1.  1-1.3)  of  Cassegrain,  Gregory,  axially  nonsy  mmet  ric  systems  and 
their  varieties.  As  is  evident,  in  Cassegrain's  circuit  at  Fig.  1.1 
ray/beams  of  intermediate  frame  not  the  transverse  axis  of  system,  as 
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it  takes  place  in  the  circuits  of  Gregory  (Fig.  1.2).  The 
constructed  according  to  diagram  in  Fig.  1.J,  include  the 
both  these  systems. 


antennas, 
elements  of 


Page  7. 

In  this  case,  the  antennas  whose  circuits  are  represented  in  figures, 
can  be  aplanatic,  bifocal,  they  can  have  special  amplitude 
distribution,  etc. 

Each  of  these  types  of  antennas  is  characterized  by  from  each 
other  also  equations,  but  since  these  equations  fairly  complicated, 

in  their  form  it  is  sufficiently  difficult  to  establish/install 

resemblance  and  the  common  properties  of  all  two— mirror  antennas. 
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Fig.  1.4. 

Key:  (1).  Main  mirror.  (2).  auxiliary  mirror.  { 3}  . zonal  focus.  (4). 
characteristic  curve-circle. 

Page  8. 

In  the  present  section  we  shall  attempt  to  show,  how,  using  the 
concept  of  characteristic  curve,  it  is  possible  to  obtain  overall 
relationship/ratios  for  some  types  of  two-mirrcr  antennas. 


I 
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Initially  let  us  examine  monofocal  antennas,  and  then  let  us 
show,  as  it  is  possible  from  them  to  pass  tc  bifocal  to  antennas. 


Let  us  examine  Fig.  1.4  and  Fig,  1.5.  Cn  them  are  represented 
twc  versions  of  course  of  ray  on  sections  a source-auxiliary  mirror  - 
main  a mirror-aperture  of  system.  If  we  do  not  consider  the  further 
course  of  ray  of  outside  points  A and  E and  angle  *>,  then  of  these  of 
two  versions  of  course  of  ray  exhaust  whole  manifold  of  the  patterns 
cf  course  of  ray  in  different  type  antennas.  Actually,  Fig.  1.6  shows 
whole  are  possible  the  versions  of  course  of  ray  in  two-mirror 
antennas.  Hence  it  is  apparent  that  these  versions  of  course  of  ray 
can  be  subdivided  into  two  classes  depending  on  the 
relationship/ratio  between  the  current  angle  of  the  ray/beaas  of 
source  and  the  ordinate  (it  is  more  precise,  its  sign)  the 
corresponding  ray/beams  at  output,  namely  (Fig.  1.6),  positive  * 
corresponds  the  positive  value  of  ordinate  y,  and  in  the  second  case 
- negative. 


. I - S'- 


\\ 


Page  9. 

Let  us  paint  for  these  two  most  typical  cases  of  the 
chain/network  of  relationship/ratios,  are  necessary  for  obtaining  the 
equations  of  the  surfaces  of  ■irrors  (Fig.  1.4,  1.5): 


l *t  *5  • JdL  , 

xsin  if  * tii,n  2 jf 
X COS  if  - l cos  2 « * ; 

1 Y <>  2 p,  - f ; 

^ »i.n  g , 

■V  4r  *-  4 /* ; 


(1.2) 
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\ * l ♦ s « 5 A. ; 

-tsin  g ♦ t sin  Zy  i 

1 COS  If  - t C0S2y*  A \ 

l T Z 1 (*  * Y ’ 

ij  » ^bln  Vf  \ 


(1.3) 


As  is  evident,  in  systems  (1.2)  and  (1.3)  is  observed  the 
difference  in  the  second  and  the  fourth  equalities,  and  precisely, 
they  are  distinguished  by  angle.  The  third  equality  in  both  cases  is 
equal.  Based  on  this,  for  the  purpose  of  the  unification  of  formulas, 
let  us  introduce  the  following  rule:  angle  m is  positive,  if  it  is 
read  off  from  the  axis  of  antenna  counterclockwise. 


Let  us  assume  also  that  characteristic  curve  is  written  as 
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follows: 
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Then  taking  into  account  these  assumption  fundamental  principles  for 
the  derivation  of  the  equations  of  the  surfaces  of  two-mirror  antenna 
can  be  presented  in  system  (1.3),  and  the  differential  equation  of 
auxiliary  mirror  and  the  equation  of  main  mirror  let  us  record  in 
parametric  form: 


h A ( i - <*■  V 4- (if  )vn>1  y (f  - 1 1-) 


2[2d.  - v ((  - eo»  q ) 


i . | 4(q)stn  if 


Now  in  order  to  obtain  the  equations  of  two-mirror  antenna,  it 
necessary  to  only  consider  angle  *. 
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Fig.  1.6. 


Page  11. 

So,  if  characteristic  curve  has  fcra 

r4.ir, 

a the  boundary  conditions  y = 0,  x = 0,  -t  = d with  * = 0 on  the 
condition  that  * = 0,  equations  (1.4)  describe  an  aplanatic 


two-mirror  antenna  of  Cassegrain's  type: 
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l * 


(A  tMKcob-^-) 


Id 


wv-f-)  " ♦..(i-4r*ir,‘4'^ 
!<A(x-clW (<f  - 2x) 

l [2oL  - t(l  - COS  If)]  ’ 


(1.5) 


If  * < 0,  then  under  the  same  boundary  conditions  is  obtained  an 
aplanatic  antenna  of  the  type  of  Gregory: 


-V 


A t M 


!♦ 


x.icosif.-^lzA  -t(i-eoi,if)j[l 


^ « i »in  If. 


(1.6) 
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Let  us  examine  one  additional  method  of  the  calculation  of  the 
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airfoil/profiles  of  mirrors,  on  defining  concretely  the 
ray/beams  in  antenna. 


location  of 


The  ray/beam,  which  emerges  from  focus  F (Fig-  1.7)  at  an  angle 
after  being  reflected  from  main  and  auxiliary  mirrors  respectively 
at  points  A and  C,  it  will  go  on  direct/straight  CD  in  parallel  to 
X-axis. 


Let  as  continue  direct/straight  CD  before  intersection  with  AF 
at  point  B.  According  to  the  condition  of  problem,  it  is  considered 
that  is  known  the  value  of  cut  FB,  which  let  us  designate  by  4 1 O • 


Let  us  designate  the  lengths  of  cuts  AB  and  BC  respectively  by  u 
and  d.  In  this  case  the  a ir f oi 1/pt of iles  of  mirrors  will  be 
determined  by  the  following  equations: 

the  auxiliary  mirror 

f » 4 1 u • (i«7) 


the  main  mirror 

<f  * 4(tf)  Si"  if  . 


(l.B) 


x • 4 (if ) ros  if  * i) 
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Fig.  1.7. 


Page  13. 

Thus,  problem  consists  in  determining  c£  value  u and  9 

(I«9) 

Here  ^ , t>  (u<  ip  . this  cut  characterizes  the  distance  between 
mirrors  at  data  points. 


From  triangle  ABC  on  the  basis  of  the  theorem  of  sines  it  is 
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possible  to  record: 


6 » 


»in  if 

iln  (if  “tV  * 


“ * VihFt/*  *■>)  ’ 

* * <M  * I|i  . 


(I. 10) 


Substituting  (1.10)  in  (1.9),  we  will 

Analogously  it  is  possible  to  obtain 


obt  a in 
(I. II) 


■ »[«i  -(i  *-  m 


IIk  l /» 

f ♦ Un  Ijt  * 


(I.I2) 


Utilizing  (1.11),  (1.7),  (1.8)  and  using  replacement  t = tg  */2 

we  will  obtain  the  differential  equation  where  by  the  unknown  is  tg 
at/2 
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Equation  (1.13)  it  is  possible  to  rewrite  in  the  following  form 


Equation  (1.14)  is  linear  differential  first-order  equation 
without  absolute  term. 


1 

j 

The  general  solution  of  this  equation  takes  the  following  form: 
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obtain  the  expressions,  which  lay  out  of  the  mirrors: 


the  auxiliary  mirror 

i*  C (t  *1‘) 

f * 7ct‘  * e 5 ’ 


the  main  mirror 


(I.I8) 


K * ; 


t*<'(  0 
A,(l*l1)1  ' ®" 


(I.I9) 
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If  is  assigned  not  the  characteristic  function,  but  dependence 
y (*) • then  the  airfoil/profiles  of  mirrors  are  conveniently  designed, 
using  the  following  expressions: 

A*  C ( t . t 1 ) 
f * * Act*  ♦ e "3  ’ 


(1.20) 


DCC  = 77200801 


PAGE 


where  the  integral  D in  this  case  it  takes  the  following  form: 

_ ( KM  .. 

3 * innrrdt 

i 

As  an  example  let  us  examine  the  axisymmetric  two-mirror  system 
whose  characteristic  curve  is  described  the  curved  second  order 
eguation 


A ( g)  « i , 

^ ^ ' i » J COS  v 


where  4 is  a focal  length; 


6 - eccentricity. 


(I.2I) 


Subseguently  it  is  possible  to  suppose  that  /■  1 


Depending  on  alternating/variable  tr  the  function  <fU)  takes  the 


•*(l)  1 


following  form: 
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Let  us  compute  integral  7 

e 

Fage  16. 


After  substituting  (1.22)  in  (1.18)  and  (1.19),  we  will  obtain 
the  expressions,  which  lay  out  mirrors; 


the  auxiliary  mirror 


f * 


(I*23) 

the  main  mirror 


It 


» * 'if-Tft1  V‘ 

{[(•I).  ( ,i 


(1.24) 
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Let  us  examine  some  special  cases. 


If  l * I * then  we  will  obtain: 


* - iWu  ’ 


t • 1 “ a * 


* -fit, 


(1.25) 


As  can  be  sea n from  expressions  (1.25),  by 
of  the  external  mirror  is  parabola. 

If  i » 0 , then,  as  can  be  seen  from  (1.21) 
curve  does  not  depend  on 

i Page  17. 

! 


the  air  f oi  1/pr  of  ile 


, char acterist ic 


In  this  case  we  will  obtain  the  equations,  which  lay  out  of  the 
mirrors  of  the  axisymmetric  aplanatic  two-mirror  systems: 
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Let  us  return  now  to  the  problem  of  boundary  conditions.  There 
is  large  interest  in  the  case  of  this  combination  of  the  boundary 
conditions:  = 0;  x ^ 0;  y 4 0.  This  case  corresponds  completely  to 

the  special  group  of  antennas  - axially  n onsy a met ric  to  the  antennas 
in  which  on  the  strength  of  satisfaction  of  these  conditions  the 
axial  sections  of  main  and  auxiliary  mirrors  are  not  perpendicular  to 
the  axis  of  antenna.  In  this  case,  can  occur  two  modifications  of 
such  antennas  depending  on  the  actual  ccmbinaticn  of  the  boundary 
conditions: 

if  * 0 , x ■ 0 ; <$*^1 

M>  * 0 , x » X v ^ . 


(1.27) 


; 
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In  the  first  case  the  antenna  takes  the  form  as  in  Pig.  1.8, 
in  the  second  - as  in  Fig.  1.9. 


V - 

> 

/c  b 

c 

/ 

As. 

/ 

/ 

\/ 

t 

• r 

* / 

Fig. 

1.8. 

Fig.  1 

.9. 

Page  13. 


Equivalent  boundary  conditions  of  the  type 

* * v 

1 * i 

they  can  be,  obviously,  also  conditions: 

k = o,  y.o, 

¥ - $ . * * x , ^ = o , 

i.e.  the  condition  of  the  passage  of  certain  determined  collimated 
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ray/beam  through  the  origin  of  coordinates. 


One  should  note  one  additional  important  special 

. 4jv) sin  y 

feature/peculiarity  of  axially  ncnsy mmetric  antennas.  Function^ 
must  be  connected  with  angle  *0;  it  is  possible  to  utilize  axially 
nonsy mmetric  antennas  of  the  different  layout  when  the  direction  of 
the  maximum  of  the  diagram  of  source  composes  arbitrary  angle  with 
the  direction  of  the  collimated  ray/beams.  But  if  we  in  this  case 
always  take  for  reference  point  angle  *0  = 0 without  taking  .nto 
account  of  concrete/specific/actual  antenna  circuit,  then  can  be 
obtained  essential  asymmetry  in  amplitude  distribution  in  aperture. 

So,  in  aplanatic  axially  nonsy  mmetric  antenna  the  direction  of  the 
reference  point  of  angles  <t>  is  assigned  angle  90  t 4>0. 

^ The  specific  character  of  axially  nonsymmetric  antennas  they  are 

I also  that  which  in  one  and  the  same  antenna  occurs  of  two  types  of 

the  ray/beams:  with  positive  and  negative  angle  *r  i.e.,  in  one 
antenna  there  are  cell/elements  of  the  circuits  of  Cassegrain  and 
Gregory,  what  cannot  be  in  axisymmetric  antennas.  This  is  led  to  the 
fact  that  at  some  angles  <t>  is  necessary  to  pass  from  differential 
equation  from  £ > 0 to  equation  from  • < 0. 

As  the  final  result  we  obtain  after  seme  conversions: 

i l 


k 
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for  $ > 0 (Fig.  1 . 10a) 


here 


eLx  l\  - A ♦ 24 


• <{  »i.n  tf  COfc  ( If  ♦ tf0)  , 


(I. 27a) 


for  * < 0 (Fig.  1.  1 0b) 


“*!n(^  ‘ '■ '4  * ' ta"  W * ‘ *4 


(1.28) 
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The  important  variety  of  two-mirror  antennas  they  are  the 
bifocal  axisymmetric  and  axially  nonsymmetric  antenna  which 
form/shape  two  diverse  in  space  radiation  patterns  and  have  two 
separate  foci.  In  this  case,  axially  nonsymmetric  antenna  can 
form/shape  radiation  pattern  (plane  front)  in  ary  direction,  which 
forms  certain  angle  o with  the  optical  axis  of  antenna.  On  the 
strength  of  this  property  and  in  view  of  the  absence  of  this 
substantial  limitation  as  axial  symmetry,  axially  nonsymmetric 


DOC  = 77200801 


PAGE 


antenna  it  can  satisfy  the  condition  of  the  formation  of  ray/beams  of 
two  foci. 


§2.  Calculation  of  the  common  circuit  of  a two-mirror  optical-type 
antenna. 


As  is  known,  the  fundamental  designat ion/purpose  of  the  majority 
cf  optical  systems  lies  in  the  fact  that,  converting  of  one  wave 
surface  (Fig.  1.11) 

with  the  amplitude  distribution 

Ki  -r  (1.29) 

into  another  wave  surface  i,  •**(*». *0  «ith  another  amplitude 
distribution  on  it 


(1.30) 
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Fig.  1.10. 


Page  20. 

In  this  case,  is  retained  the  equality  of  energies  in  the  beans, 
determined  by  these  wave  fronts  and  z2 
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where  H2*  and  H22  - the  second  quadratic  forms  cf  wave  fronts  of  the 
first  and  second. 


In  the  plan/layout  for  common  calculation  of  two-mirror  antennas 
to  us  it  is  represented  advisable  to  examine  some  specific  questions, 
connected  with  the  possibility  of  the  realization  of  the  transition 

[‘Mvtti);  F|  —l  (xt  (1.32) 

As  is  known,  two-mirror  antenna  can  be  described  by  system  from  two 
equations  in  the  partial  first-order  derivatives  in  total 


differentials: 


Axt  /*(*«•  Hi  • XI  ’ 

dx»  ^(*1  < ’ xi  s')  dUr 


(1.33) 


Here  >L  and  i- . are  coordinates  of  the  1st  and  2nd  mirrors: 

x and  y - the  coordinate  of  the  front  of  source.  The  necessary 
condition  for  existence  of  the  solution  of  system  (1.33)  is  the 
fulfillment  of  the  relat ionship/ratios: 
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9 ft 

Sx,  • 

(1.34) 

atf 

»x, 

(I. 34a) 

. 


It  is  easy  to  see  that  these  relationship/ratios  cannot  be  made 
strictly  in  the  general  case.  In  fact,  in  (1.34a)  enter  derived 

”5*7  ’ ’ ix,  ’ a«j, 

which  they  contain  arbitrary  amplitude  functions. 
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The  form  o 
(1.34)  can 

Let  a 
impossible 
sectiona 11 

Actua 
1-  12)  , als 
of  the  mai 
one  direct 

The  a 

In  th 
common/gen 
antennas, 
relating  t 
(parallel) 


^3 


f these  functions  sometimes  can  strike  such,  tha 
not  be  satisfied. 


s examine  the  real  case,  when  transition  (1.33) 
to  carry  out,  for  example  when  characteristic  c 
y-continuous  form. 

lly,  if  characteristic  curve  consists  of  two  "pi 
o,  of  points  A and  B then  the  appropriat 

n mirror  will  hit  two  ray/beams,  which  must  be  r 
ion  CAS,  that,  obviously,  is  not  possible. 

nalogous  case  is  feasible  in  axially  nonsymaetri 

e precei ing/pre vi ous  paragraph  we  examined 
eral/total  approach  on  the  calculation  of  two-mi 
generally  speaking,  the  sufficiently  limited  fo 
o class  systems,  forming  at  output  the  collimate 
frame  of  ray/beams  for  the  case  of  the  location 


t equation 

it  is 
urve  has 

eces"  (Fig. 
e point  C 
eflected  in 

c antennas. 

rror 
rm,  the 
d 

of  source 
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at  focus. 

However,  during  the  investigation  of  the  problem  of  synthesis, 
we  cannot  be  limited  only  by  this  case.  Therefore  it  is  expedient  to 
examine  also  system  with  the  arbitrary  structure  of  the  frame  of 
ray/beams  at  output,  taking  into  account  the  possibility  of  the 
conversion  of  the  wave  fronts,  presented  in  the  beginning  of  this 
paragraph. 

The  creation  of  such  antennas  makes  it  possible  in  principle  to 
pose  the  problem  of  the  calculation  of  antennas  of  with  the  uniform 
single  error  in  the  sector  of  scanning  and  ether  analogous  problems. 

Let  in  Fig.  1.13  FABC  - certain  ray/beam,  characterized  by  the 
current  angle  * and  passing  cutof  their  system  at  an  angle  a to  its 
axis;  F - focus  of  antenna,  which  lies  on  the  axis.  Angle  a is  the 
function  of  angle  *.  By  analogy  with  conventional  systems,  which 


connect  ordinate  y of  point  B and  angle  at  wrth  angle  * i.e. 
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Function  4 ( <0  corresponds  according  to  sense  previously 
introduced  characteristic  curve,  while  function  a(*)  is  the  second 
steering  function.  Introducing  dependence  a (*) , we  thereby  is 
expansible  the  possibility  of  the  synthesis  of  two-mirror  antennas. 

At  the  same  time  it  is  necessary  to  note  that  Fermat's  condition 
in  the  present  case  must  be  corrected,  on  the  basis  of  the  fact  that 
the  antenna  in  which  a (0)  = 0,  form  not  in  parallel  light  beam. 

Therefore  in  the  given  case  to  conveniently  use  the  more  overall 
relat ion ship/ratio: 

x ♦ e ♦ & .Ji,  (1.56) 

Here  d depends  on  * moreover  with  * = 0 d(«)  = d.  Dependence 

d{$)  lays  out  of  the  wave  front  which  is  obtained  at  output  from  the 
antenna 

5>  cos  m.  ♦ x ■ M , 

where  K = M (a) . 

Auxiliary  equations  take  the  form: 

xs;.n  q ♦ l»<.« (iy -<*■) * V'  • (1.37) 


t cos  - 1 cos  ( l r - «0  * * : 
ly  - «c  • - V . 


(1.57a) 

(1.5*76) 


DOC 


77200801 


PAGE 


Fig-  1.13. 

Page  24. 

The  radius-vector  x of  the  surface  of  auxiliary  mirror  and 
angles  <t>  and  0 are  determined  by  relationship: 

V -IT  ’ 'b-  (1.38) 

It  is  necessary  to  note  that  the  function  a(0)  is  connected  also  with 
crdinate  y by  the  equation  of  the  form 

4 Un  - >j  «■  (4  cofc  (f  - *31^  <*•  , (1.39) 

i.  e.  in  y = 0,  a-ray  = a(0)  = 0 corresponds  to  the  axis  of  antenna 
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and  the  axial  sections  of  mirrors  are  perpendicular  to  axis. 

As  is  evident,  in  equations  (1.38)  and  (1.39)  is  contained  seven 
unknowns,  according  to  the  number  of  equations.  Let  us  now  make  the 
following  conversions: 


l(co»  - COS  -<.)  - 4 J A cot  <*.  i ([tost  * COb  ( I y - <*.)]  ; (1.40) 


f x (cos  if  - cos  ot)- M 

C0»  4 COS  (2  -y  -.C) 


Obtained  expression  (1.40)  let  us  substitute  into  equation 


(1-37) 


4&dcoba*-j>4(biti|f  * sin  oc)  f^clslnac-Mtjscj 


Un  ( Z y - «<•)  4 bln  «c 

tos  4 cos  ('Z  y - ot") 


r s 


4 (sin  Cf  ♦ SlfioC)*  3elbih*C  - Mt$  -6l*oc) 

^ ^ t (COS  - C05  • M ♦ id.  COS  oC 

i»  I,  .4-4!-. — ‘4f 
■ 4’  ^ 
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Finally  we  obtain 

4 (tin If 

x l c 0S  If  - C OS*.")  - M ♦ Sot  cot  a - 1 ^ U(si"  f ♦ 4,"*L  - 

.(,«  *f  * **•  [(reos  if  - cot  <*. ) - m ♦ 5<L  cos«*-| 

_ l l l 1 L_  , (I.4I) 

- T.(blp  If  - Sir.  oO]  ' l j i ■—  ( 1 1 fcc*  «C  • M oc') 

M * M ( *C  ) 4 

\ 

oC  » oC  ( If  ^ 

Thus,  obtained  differential  equation  for  the  surface  of 
auxiliary  antenna  dish,  which  forms  in  space  the  noncol 1 im ated  light 
team. 


i ft 

-r-  TT 


The  equation  of  the  main  mirror  of  this  antenna  it  is  possible 
to  express  in  the  parametric  fern: 

x * t cos  <f  - t cos  ( 1 v -«0  : 

^ > t cos  if  - E cos  ( 2 - oC) 

Solution  to  equations  (1.41)  and  (1.42)  requires  in  the  general  sense 
the  appl ication/uses  of  methods  of  numerical  integration  on  high 
speed  TsVrt  -.digital  computer]. 


U.«) 
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Let  us  examine,  further,  common  type  monofocal  antenna,  at  whose 
plane  front  at  output  forms  angle  a with  vertical  axis. 

Let  in  Fig.  1.14  source  be  arrange/located  at  point  F with 
coordinates  x = 0;  y = 0.  Let  us  accept  for  the  reference  point  of 
the  angles,  which  determine  the  ray/beams  of  source,  direct/straight 
Ffc,  which  forms  angle  0O  with  the  negative  semi-axis  y.  Calculated 
plane  front  forms  angle  a with  vertical  axis  and  passes  through  such 
point  C of  main  mirror,  from  which  the  collimated  ray/beam  is  passed 
through  focus  F. 

Page  26. 


For  Fig.  1.14  Fermat’s  condition  must  te  represented  in  to 
following  the  form: 


x ♦ e -5  * x,  ♦ l0  . 


(1.43) 


For  the  concrete  definition  of  antenna,  it  is  necessary  to  assign  the 
equation  of  characteristic  curve  <f06(g)  , that  connects  the  direction 
cf  the  beams  of  source  and  the  position  of  the  corresponding 
collimated  ray/beams  y 

} » 4#eut)tln  ^ . (1.44) 


Besides  fundamental  equations  (1.43)  and  (1.44)  we  will  use  also 


A 
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supplementary  relationship/ratios,  namely,  ty  the  projections  of  the 
cuts  of  ray/beams  on  the  axis  cf  coordinates  and  by  the  equation  of 
relation  of  the  angles 

j 


ij  « teofc  ( i r - so  -ac)  - x co»  ( i ? - q0j’»  (1.45) 

scosat  =x»ifi(q-q0vt^(2/i-f»»fVtM3:+(ii-Ssi"«4)to  od ; 

1 (1. 45a) 
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We  convert  equations  (1.45)  and  (1.45a)  as  follows: 


( t » l - 1 o • t „)(  t«»  ♦ tin  * l j o<- ) .l»in  ( - ((,)  ♦ t Win  ( t (» - ‘ f ,V  ‘ il^  ^ 


Froa  this  equation  after  a series  of  conversions,  we  will  obtain 

xltin^  - tf#)-cot*.  -tin*  l^'n-]*(1**1«Hc»t<<-»tln^.l^-.), 

(. • . 

cot ot  ttlnwt'ifaL  - fctn(ly  -90  -•*.) 


The  obtained  value  i let  us  substitute  into  equation  (1.45) 
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»*[ir  -bo  - «<■)  b 
-cos' ^ 

, » »xco»  ( 

After  designating  the  right  side  of  this  equation  by  M,  let  us  find 
the  expression  of  angle  Y through  the  parameters  of  the  system 

- M)[(tn.c - M1)1-  (t«fc 4. * }•{  »in(lf  -wytov * ‘ kin-} ~£~_  - 

‘0. 


The  solution  to  this  equation  takes  the  form 


„ t(i 4) ti  B(i  l-fe * (t4‘*  ‘ 

T_ - — - t *■ - (1.47) 


-((  «*in  24.) 


For  obtaining  the  equation  of  the  profile  of  auxiliary  mirror, 
we  will  use  the  differential  equation  cf  standard  to  the  curve  by 
which  we  used  earlier 

■TTT  '4* 


Here  angle  0 is  connected  with  angle  Y by  equation  (1.47). 
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Page  28. 

Then,  in  order  to  express  angle  0 by  the  parameters  of  system,  we 
make  a series  are  converted,  after  designating  the  right  side  of 
equation  (1.47)  by 


Iln  (**•  - 90}  ♦(<*,-<*  ♦*)]  >B  ( 


^ El(t>i.olyb  - * ( 6 - F}  *2(B-  F}Fki.n^k  *Ftsin  ; 


Un  ft  », 


[z(b»f)- 4£*j ^[t(fc.r )•  ^Etr- -I)'  (I  48) 


Here 

E • FOb  ( q0  - If  ♦ or');, 
r . fcin  ( lf0  -<f  +<*.). 


We  finally  obtain  the  differential  equation  of  profile  of  the 
auxiliary  mirror 


This  equation  with  the  substitution  in  it  of  values  E,  F,  B,  N 


- 


! 


f 


! 
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contains  the  unknown  parameter  y and  the  angle  a,  which  determines 
the  position  of  plane  front  in  space. 


If  a = 0,  equation  (1.49)  is  reduced  to  the  equation  of  the 
profile  of  auxiliary  mirror  with  the  arbitrary  characteristic  of 
curve 


' Al  «. 

l cLif 

[Wfibh] 

“»(--♦**)  ,^-ti 

(1.50) 


$bo  ve  we  examined  the  systems  which  contained  optical  axis  and 
for  the  location  of  separate  ray/beams  were  not  superimposed  any 
limitations.  Let  us  examine  now  one  particular,  but  important  for 
practice  case  when  the  ray/beams  of  system  at  output  are  subordinated 
to  certain  concrete/specific/actual  law  (Fig.  1.15). 

Page  29. 


Let  certain  ray/beam  OBAC  emerge 
arbitrary  point  with  coordinates  (A, 
extreme  points  of  auxiliary  and  main 
Let  at  these  points  ray/beam  OBAC  be 

f,  *rt ' V 


certain  source,  outlying  into 
m)  and  passes  through  the 
mirror  and  (*»  > v''  ' 

characterized  also  by  the  angles 
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The  coordinates  of  point  are  connected  ny  system  of 

equations: 


Vin  ^6  » ♦lYostf**x»W.i 

J-  -ill  . U 
x,  . r»- 


(I. 51) 


This  system  assigns  also  tangent  inclination  at  points  B and  A; 
therefore  the  angle  which  forms  the  cut  of  ray/team  AC  with  the 
undeflected  ray/beam,  there  can  be  found  from  the  relationship/ratio 

4 *2/»,  -l<fb  ♦ 0 - 
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The  coordinates  of  point  A (extreme  point)  of  main  mirror  are 
connected  by  analogous  system  of  equations: 


i ’ll,  _ 4(q,<Wn 4/  ^8 

T-  '' 

- 

* . Jj  d ( v ^ V 4 ( Sin1  IfJJ  ( y - lxA  I 

zfid-zjr-cottyj  ' 

lJ.  * 4 tv 


(1.52) 


Let  us  assume  further  that  besides  ray/beam  DB AC,  characterized 
ty  angle  0,  there  are  another  ray/beaas,  which  emerge  at  angles  e » 0. 
moreover  on  the  directions  of  these  ray/beams  at  output  from  antenna 
superimposed  certain  limitation.  In  this  case,  can  seem  two 
characteristic  cases: 

* X\  * ^ * «<  a i 

* r,  ♦ t,  = oc  > a , 
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where  A - the  angle,  at  which  emerges  the  system  the  ray/beam, 
falling  into  certain  subsequent  point  E of  the  main  mirror:  in  the 
first  case 


in  the  second  case 


^ * (2rc  ♦ OC  * , 


M ( 2 Vc  - tJ 

773T 


In  both  cases  function  M is  selected  so  that  with  the  growth  (j,  > dA  ) 
value  a would  approach  value  A. 

Page  31. 


Conclusion. 


For  the  practical  studies  of  the  two-mirror  antennas  can  be  used 
common/general/tota 1 equations  (1.18)  and  (1.19),  which  in  special 
cases  are  reduced  to  equations  (1.5),  (1.6)  so  forth.  Antennas  with 

the  complex  structure  of  light  beam  at  output  are  described  by 
equations  (1.41),  ( 1.42),  ( 1.  4 5)  - ( 1 . 49)  , ( 1.5  1),  ( 1.52). 

Apparently,  the  broadest  class  of  antennas  can  be  described  by 
equations  (1.41),  (1.42)  talcing  into  account  the  necessary  boundary 
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conditions,  which  define  concretely  this  antenna. 

Chapter  II. 

Optimization  of  the  parameters  and  the  synthesis  of  the  scanning 
antennas. 

Present  chapter  is  dedicated  to  posing  of  the  question  and  to 
the  selection  of  the  methods  of  the  solution  of  the  problem  of  the 
optimization  of  the  known  parameters  of  this  type  antennas.  The 
optimum  scanning  antenna  we  will  call  such  antenna  which  possesses 
minimum  axial  size/dimension  at  given  diameter,  the  sector  of 
scanning,  wavelength  and  during  permissible  distortion  of  wave  front. 
In  the  case  of  the  axially  ncnsymmetric  antenna  it  is  possible  to 
talk  about  antenna  with  minimum  space  with  this  radiating  aperture. 

In  this  case,  by  the  parameters,  are  understood  diameter  D,  focal 
length  and  the  apical  cut  M,  expressed  in  the  portions  of  the 

axial  size/dimension  d,  and  also  focal  curve.  Thus,  optimization 
unlike  the  procedure  of  optimum  synthesis  does  not  imply  a change  in 
characteristic  curve,  but  thereby  also  form  by  the  antenna  of  system. 
Analytically  this  problem  is  reduced  to  finding  of  the  extremum  of 
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the  function  of  quality,  but  not  the  extreme  function,  which 
minimizes  functional  in  the  problem  of  cptnui  synttiesis. 

Page  32. 


In  chapter  is  not  carried  out  the  proof  of  the  fact  that  the 
scanning  properties  of  antennas  depend  on  tneir  parameters,  since 
this  was  already  shown  in  a series  of  the  preceding/previous  works, 
fcr  example  in  [1].  Therefore  in  essence  is  made  backstop  to  the 
analysis  of  mathematical  methods  and  the  selection  of  the  function  of 
quality.  It  is  shown,  that  the  selection  of  the  fundamental  method  of 
optimization  is  dictated  by  the  complexity  of  the  equations  of 
optical-type  antennas:  in  the  general  case  these  are  the  differential 
equations  whose  solution  is  unknown.  But  if  we  the  solution  in  the 
quadratures  of  this  equation  obtain  is  possible,  then  the  equation  of 
the  intersection  of  arbitrary  ray/beam  and  surface  proves  to  be 
equation  with  fractional  powers  (as  in  the  aplanatic  antennas)  . In 
connection  with  this  as  the  basis  of  the  gradient  method  of 
optimization,  just  as  the  method  of  least  squares,  must  be  placed  the 
numerical  iterative  calculation  methods  on  high  speed  TsVN  [ UBU 
digital  computer]. 

As  the  function  of  quality,  which  is  the  criterion  of  the 
optimum  character  of  system,  is  selected  the  function  of 
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root-mean-sguar e phase  error  along  entire  front. 


§ 1.  Posing  of  the  question. 


As  is  known,  the  two-mirror  aplanatic  antennas,  described  by  the 


equations: 


U 

, , If  n 4 -et 

( d t MKCOi  — ) 


t,d(x-dWfci.n'Cf(f-tx) 

* tf))  ' 


^ * 4 &in  (f 


depending  on  the  relationship/ratio  of  the  parameters  <f,d  and  M they 
can  have  different  shape  of  surface  (Fig-  II.  1).  In  these  figures  is 
conditionally  carried  out  the  general  horizontal,  which  corresponds 
to  certain  diameter  of  antenna. 
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It  is  evident  that  the  two-mirror  aplanatic  antenna  in  the  general 
case  can  have  any  axial  size/dimension  of  d,  any  apical  cut  M and  any 


r 
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focal  length^  .In  each  individual  case  the  antenna  will  have 
different  curvature,  and  the  different  scanning  properties,  i.e., 
from  relationship/ratios  {,d,n  depend  the  distortions  which  appear 
in  aplanatic  antennas  with  the  deflection  or  the  beam  or  the  carrying 
out  of  source  from  focus. 

For  the  illustration  of  this  property  Fig.  II. 2 and  I I J gives 
picture  of  course  of  ray  in  antennas  with  different  sense 
with  the  deviations  of  the  falling/incident  flat/plane  wave  front  to 
cne  and  the  same  angle  a = HQ° . 


i 
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Fiq.  II. 1. 

Key:  (1).  Main  mirror.  (2).  auxiliary  mirror.  (3).  characteristic 
curve. 

Page  34. 

As  is  evident,  in  Fig.  1 1.2  occur  large  distortions,  since  4/h,  the 
antenna  being  investigated  differs  significantly  from  optimum  value. 
Here  distortions  so  big  that  the  ray/beams,  reflected  from  main 
mirror,  not  at  all  fall  on  auxiliary  mirror.  In  Fig.  II. 3 distortions 
are  less,  since  f/j  antenna  is  close  to  optimum. 

This  diversity  of  the  forms  of  airfoil/profiles,  as  in  Fig. 

II. 1,  not  it  is  characteristic  for  ether  forms  cf  optical-type 
antennas,  for  example  aplanatic  lenses,  since  of  lenses  « * , a 

thickness  it  is  always  desirable  to  have  minimum.  This  is  the  otavite 
before  the  developer  of  aplanatic  two-mirror  antennas  the  problem  of 
the  selection  of  optimum,  i.e.,  most  adequate/approaching  for  the 
present  instance  of  version. 

Of  what  does  consist  the  specific  character  of  question?  In  view 
cf  the  presence  of  the  large  number  of  independent  variables  in  given 
antenna  to  the  system,  characterized  by  the  diameter  of  aperture  D 
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and  by  the  permissible  phase  error  ilnil  at  the  edge  of  the  sector 
cf  scanning,  real  phase  error  can  in  the  general  case  be  more  than  or 
less  than  permissible. 

In  the  first  case  this  means  that  tne  antenna  has  the  small 
axial  size/dimension  of  d or  large  apical  cut  (♦«),  commensurable 
with  d;  in  the  second  case  of  d greatly  or  apical  cut  (-M)  is  great 
in  absolute  value. 


It  is  easy  to  see  that  the  unjustified  increase  in  the  axial 
size/dimension  of  antenna  is  led  to  essential  complication  of  its 
construction. 
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Let  us  examine  most  common/general/tot al  [ illeg. ] of  the 
dependence  of  the  parameters  , [ illeg.  ] it  is  possible 

to  present  in  the  form  of  the  curve/graph  of  Fig.  II. 4,  constructed 
for  the  concrete/s peci f ic/act ual  angle  of  deflection  of  radiation 
pattern.  In  this  figure  is  obtained  the  dependence  of  phase  error 
~~£~M  °d  l/d.  for  antennas  with  different  sense  4/eL  It  is  evident  that 
to  each  value  D/i  corresponds  certain  determined  sense  4/s  • in 

which  — -J**  it  has  smallest  value. 
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The  physical  sense  of  the  extreme  form  of  curve/graphs  (Fig. 

II. 4)  consists  of  following. 

As  can  be  seen  from  integral  curve  equations  (1.5) -(1.6),  to 
each  value  <f/^  corresponds  certain  maximum/over all  diameter 
in  which  it  occurs  the  intersection  of  the  airf cil/prof iles  of  main 
and  auxiliary  mirrors.  In  this  case,  in  intersection  region,  occurs 
also  an  increase  in  the  curvature  of  mirrors.  Therefore  antennas  with 
the  diameter,  close  to  (D/dL  )««.*•  h ave  distortions  even  somewhat  more 
than  antenna  with  the  same  diameter,  but  when  larger  4/4.  .Therefore  to 
each  a/,*,  corresponds  at  first  decay  in  value  — ~pSa  in  function  4/d. 

up  to  certain  (<(/<0«nT  « and  then  an  increase  in  the  aberrations 

proportional  to  growth  4/^  . 

It  should  also  be  noted  that  the  maximum/over all  diameter 

*ki  FF  ('  *ir 

depends  on  <f/A  and  therefore  on  the  curve/gtaphs  of  Fig.  II.  4,  the 
initial  left  points  of  curves  correspond  thereby  to  minimum  values 
4/d.  in  which  it  can  be  obtained  this  r e la  t icn sh ip/ra tio  D/d. 
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Are  analogously  constructed  the  curve/graphs  of  Fig.  II.  S.  Here 
along  the  axis  of  abscissas,  are  deposit/postponed  the  diameters  of 
antennas,  and  phase  errors  are  found  in  the  function  of  different  4/<L 

*■  4/«L,  * s'/dLj  < . . • , 

moreover  as  the  constant  parameter  is  undertaken  diameter  D,  but  not 
the  axial  size/dimension  d as  in  Fig.  II.  4.  Points  A,  B,  C on 
curve/graphs  -{/el,  , <f  /el  „ , 4 /cL>  correspond  d m«.,  '•  the  broken  sections 
of  curve/graphs  they  mean  that  these  curves  they 

lie/rest  beyond  the  limits  of  the  values  in  guestion. 


From  Fig.  II. 5 is  also  observable  the  extreme  character  of  the 
dependence 


61 

r 


Actually,  at  the  selected  value  A L/D  and  the  angle  of  deflection  of 
radiation  pattern  a,  can  be  found  the  maximum  value  D/2d,  to  which 
corresponds  certain  sense^/a.  .With  others  D/d  the  error  AL/D  can  be 
even  the  less  permissible  value,  but  this  so  on  ratio  D/d  will 
be  less  than  optimum  (very  "thick"  antenna). 


also 
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One  should  emphasize  that  the  extreme  character  of  dependence  AL 
on  the  parameters  of  antenna  is  typical  only  for  two-mirror  antennas 
with  both  nonplana r mirrors  (parabolic  antenna  it  can  be  considered 
as  two-mirror  antenna  with  the  flat/plane  auxiliary  mirror).  The 
phase  error  in  sin g le- ref  lector  antenna  takes  (schematically)  this 
form,  as  in  Fig.  II. 6,  i.e.,  AL  is  unambiguously  connected  with  the 
focal  distance  of  antenna  atout  given  diameter. 

The  extreme  character  of  the  dependence  aLc«i  on  the 
parameters  of  antenna  forces  to  reexamine  approach  to  the  methods  of 
assignment  of  antennas.  Let  us  examine  several  examples. 

1)  It  is  assigned:  the  diameter  of  antenna  D,  maximum  error  alCi(| 

and  the  sector  of  scanning.  If  antenna  must  only  satisfy  these 

requirements,  then,  according  to  Fig.  II. 5,  are  sufficient  to  take 
8. 

D * such,  so  that  would  provide  the  condition  «L  t < a L c ( jon  •)  . 

Page  38. 


For  the  construction  of  optimum  antenna,  is  necessary 
unambiguous  solution,  which  will  correspond  D/d  = max.  in  condition 
4Le.»l  • *>-t  Ki(jon1* 

' 
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2)  It  is  assigned:  the  diameter  of  antenna  D,  maximum  error  a L c K 
and  the  requirement  so  that  the  sector  of  scanning  would  be  maximum. 
This  formulation  of  the  problem  does  net  provide  unique  solution. 
Actually,  if  the  axial  size/dimension  of  antenna  d is  not  limited, 
then  can  be  provided  any  ratio  e/2a  (beam  width  to  the  sector  of 
scanning),  which  will  only  ensure  the  geometry  cf  antenna  - the 
ray/beams,  reflected  from  main  mirror,  they  must  hit  to  auxiliary 
mi r cot. 


§ 2.  Optimization  in  initial  approach/apprcximation. 


Under  term  "solution  of  the  problem  of  the  optimization  of 
optical  system"  let  us  imply  the  process  of  finding  such  system  at 
whose  combination  of  the  known  parameters  d,  f,  D,  M provides  the 
minimum  of  the  standard  deviation  of  phase  error  »LC  with  respect 
to  entire  aperture,  or  the  minimum  of  maximum  deviation  from  the 
assigned  magnitude.  In  this  case,  one  should  consider  that  the 
problem  to  optimum  does  not  assume  finding  the  parameters  of  the 
antennas,  which  ensure  the  maximum  sector  undistorted  scanning  (i.e. 
the  minimum  aLc<Kj  without  ary  limitations).  In  a number  of  cases, 
it  is  to  important  construct  the  antenna  system  which  with  the 
assigned  sector  of  scanning  and  the  permissible  value  of  aberrations 


DOC  = 77200802 


PAGE  ifif* 


must  have  minimum  axial  size/dimensicr 
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Fig.  II. 6. 


Page  39. 


A)  3ine  condition  [2]. 


The  first  task  to  extremum  for  scanning  systems  (in  initial 

approach/approximation)  was  solved  during  the  derivation  of  sine 

condition.  In  this  case  by  differentiation  of  Seidel's  eikonal 

if  i-s  possible  to  determine  those  changes  which  undergo  the 

coordinate  of  the  points  of  intersection  of  ray/beam  with  image  plane 
( 1 o « i o • 

Fig.  II. 7)  and  with  the  plane  of  the  pupil  cf  input  ^ ^ in 

comparison  with  their  values,  calculated  according  to  the  dioptrics 
of  Gauss.  So,  if  we  for  schwar  tzschi  Id ' s eikonal  find  derivative  in 


the  form 
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Aw 

(n.2) 

* y. ( H - -fjjit  Au ) * l.  ( A *»  * ^ < ) 

and  to  consider  that  some  members  in  right  side  (II. 2) 
differentials,  for  example 

then  instead  of  s we  will  obtain  function  5 - Seidel’ 


are  total 


s eikonal 
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Fig.  II. 7. 


Page  40. 


thus  when  is  assigned  the  function  of  Seidel's  eikona 
i.  e.  it  is  assigned  the  path  of  the  ray/beau,  passing  through  the 
giver  point  of  object  space  and  the  given  point  in  the  plane  of  the 
pupil  of  output,  then  of  it  it  is  possible  by  differentiation  to 
determine  those  changes  which  undergo  the  coordinate  of  the  points  of 
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intersection  of  ray/beam  with  image  plane  and  the  plane  of  the  pupil 
of  input  in  comparison  with  their  values,  calculated  according  to  the 
dioptrics  of  Gauss,  Equations  (11-3)  give  the  representation  of  a 
change  in  the  coordinates  of  real  focus  in  comparison  with  the 
coordinates  of  Gaussian  focus.  In  crder  to  obtain  now  sine  condition, 
let  us  find  the  extremum  of  this  function,  after  taking  the  second 
derivative  of  eikonal  in  terms  of  coordinates  and  after  equating  to 
its  zero.  For  this,  according  to  Schwartzschild,  let  us  make  the 
following  conversions:  of  equation  (II. 3)  let  us  compose  four 
derivatives  of  the  second  order  of  a in  terms  of  each  of  variables 
yo*  zo»  7t  • Differentiating  with  respect  to  and  y0  , we  will 

obtain: 


, _ Me.  . <t*t>  . 

Mi’  ' 


^6o  _ oL*S  ir 


<ilb 
cl1  b 

. 


(n.4) 


differentiation  with  respect  to  Q and  gives: 


. M? 

Ml 

d.1  c; 

« - 

-1* 

dlJ> 

ell, 

cL  'c, , ct  1 0 

Page  4 1. 
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Knowing  these  derivatives,  let  us  determine  now  condition  which 
must  satisfy  Seidel's  eikonal  so  that  the  points  on  the  axis  in  the 
plane  of  ob ject/su bject  and  images  would  fctm  stigmatic  pair  (image 
cf  point  it  is  obtained  sharp).  According  to  this  requirement,  if  y0 
= z0  = 0,  then  must  follow  which  yt  = zt  = C,  moreover  on  this  path 
ray/beam  must  pass  of  one  point  into  another,  i.e.,  independent  of 
values  and  £j.  Then  from  (11.3)  follows  that  the  equation: 


' V°  ».*o 


<n.5) 


must  be  satisfied  at  any  values  n t;,  Then  let  us  require  so  that  not 
cnly  the  points  on  the  axis  in  the  plane  of  object/subject,  but  also 
their  surrounding  cell/elements  of  surface  would  be 
reflect/represented  punctually.  Analytically  this  condition  means 
that  the  condition  of  the  dioptrics  of  Gauss  y,  = y0,  z,  = z0  (real 
focus  coincides  with  focus  of  Gauss)  it  must  be  fulfilled  not  only  at 
points  y0  = y,  = by  0;  z0  = z,  = 0,  but  also  for  the  low  values  y0, 
z0»  with  an  accuracy  down  tc  the  terms  of  higher  orders,  i.e.,  that 
the  equations 

dll, 


±L 


t At,  dlu 

^ * "Tit  " ' ’ ~k'-4 


must  be  satisfied  by  values  y0  = z0  = 0 at  arbitrary  values  ^ and 
C|S 


1 
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These  equations  can  be  integrated,  moreover  constant  integrations 
will  be  determined  by  the  facts  that  the  ray/beam,  which  coincides 
with  axis,  does  not  undergo  refraction,  i.e.,  with  q#  * <;  = 0 must 
he  7*  = Si  = 0.  Thus,  we  obtain 

70  ‘ 7.  ’ x • <n-6> 

Page  42. 

This  means  that  if  two  perpendicular  tc  the  axis  of  the  ce 11/element 
of  the  surfaces,  which  surround  stigmatic  to  point  on  the  axis  ^o*loi0 
and  y i - z i = 0,  mutually  reflect/represent  each  other,  then 
coordinates  in  the  equation  of  Seidel's  eikonal  q , c;  must  be  equal  for 
each  pair  of  the  conjugated/combined  ray/teams,  passing  through  both 
stigmatic  points,  i.e.,  'hese  ray/beams  they  must  encounter  the 
pupils  of  input  and  output  at  the  identical  given  distance  from  axis. 

For  the  majority  of  optical  tasks,  the  sine  condition  is 
exhausting  for  the  adjustment  of  coma,  since  in  optics  thus  far  still 
does  not  stand  so  sharply  the  question  of  optimization  for  each 
concrete/specific/actual  case.  However,  the  applicat ion/us e of 
ul trapower f u 1- 1 igh t wide-angles  lens  already  is  placed  on  agenda  and 
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this  question. 

By  analogy  with  the  given  method  it  seems  to  us  that  the  task  of 
optimization  in  parameter  it  must  be  solved  also  in  the  plan/layout 
for  finding  the  extremum  of  function  •,  A)  • 

Here  are  coordinates  of  the  intersection  of  ray/beams 

with  focal  plane;  x 2,  y2  - the  coordinate  cf  intersection  with  plane 
cf  aperture;  A - involves  the  constants  of  system. 

Differential  is  includes  variations  in  Seidel's  eikonal  with 
respect  to  the  coordinates  of  system,  namely,  zonal  aberrations, 
i.e.,  the  deviation  of  the  real  coordinates  of  ray/teams  from  their 
ideal  (in  the  absence  of  aberrations)  cf  value. 

Search  for  the  second  derivative,  i.e.,  finding  the  extremum  of 
function  dft  according  to  parameters,  has  a series  of  special 
feature/peculiarities  in  comparison  with  the  analogous  procedure, 
used  during  the  derivation  of  sine  condition.  Specifically,,  abbe 
sine  condition  is  obtained  for  the  case  infinitesimal  deviations  of 
representative  point  from  the  optical  axis  cf  system;  the  derivation 
cf  this  condition  is  implied  no  concrete/specific/actual  diagram  of 
optical  system  (lens,  mirror,  axis  either  axially  nonsy mme trie ) , and 
that  more  is  not  considered  such  parameters  as  axial  size/dimension 
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d,  diameter  D/d,  the  apical  cut  M/d  or  focal  length  {/a.  and  the  angle 
cf  the  oscillation  of  radiation  pattern  ti. 

Page  43. 


Furthermore,  derivation  itself  is  based  on  the  approximation 
methods  of  the  theory  of  the  aberrations  of  the  third  order:  in  this 
apprcach/a pproxima t ion  of  the  surface  of  system  can  be  given  not 
higher  than  second  order  equation  (sphere,  paraboloid,  hyperboloid). 

Let  us  examine  another  series  of  the  analogous  ways  of 
optimization  in  an  example  cf  the  investigations  of  Herzberg,  such, 
as  analysis  of  the  conditions  of  the  sharp  image  of  the  curve  of  line 
and  element  of  volume.  The  derivation  of  these  conditions  is  based  on 
cosine  lav. 


E)  The 


condition  of  cosines  [3]. 


Being  turned  to  the  derivation  of  cosine  lav,  let  us  visualize 
that  in  object  space,  in  medium  vith  refractive  index  n,  as  is 
conveniently  arrange/located  the  element  of  line  d?  , a in  image 
space,  in  medium  vith  refractive  index  n* , is  found  the  element  of 
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line  Al'  « A' A,'  , con jugate/combined  with  cell/element  At  , It  is 
necessary  to  refine:  here  word  goes  with  coupling  in  the  sense  of 
cptics  of  Gauss;  in  this  case  the  point  image  f each  point  of 
cell/element  At  at  the  appropriate  point  of  ce  1 1/element  At'  it  can 
and  not  be.  Only  for  con-jugate  points  A and  A*  we  will  assume  the 
condition  of  point  image  carried  out,  in  consequence  of  which  must  be 
correctly  the  expression  (Fig.  II. 8). 

(n.7) 

We  assume,  therefore,  that  optical  path  length  is  constant  along 
all  ray/beams,  which  connect  points  A and  A*.  Cur  task  consist  in 
point  image  being  propagated  to  all  points  of  element  At.,  and 
consequently  and  to  point  A,. 
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Fig-  II. 8. 
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Let  us  visualize  further  one  of  the  ray/beams,  which  connect 
according  to  condition  AA'  = const,  point  A and  A',  for  example 
ray/beam  ABCA',  which  passes  in  its  path  through  optical  system  (not 
shewn  on  drawing)  and  the  forming  with  cel  1/e  lenient  d.1  angle  or,  but 
with  cell/element  oU‘  - angle  . Let  us  conduct  through  point  Aj 
ray/beam  AjBjCjA*,,  parallel  to  ray/beam  AB  in  space  of  objects.  In 
image  space,  ray/beams  CA*  and  CjA*  not  to,  but  they  cross 
themselves,  without  intersecting. 

In  object  space,  let  us  drop/omit  from  point  A,  perpendikul4r 
A,B  to  ray/beam  AB.  Both  ray/beams  AE  and  AjB,  are  normal  to  cut.  A,B. 
Therefore  the  latter  can  be  considered  as  segment  element,  which  lies 
on  certain  fixed/recorded  wave  surface.  Let  further  in  the  image 
space  of  cuttings  off  CC,  represent  the  shortest  distance  between  the 
lattice-type  ray/beams  CA*  and  C,A',.  According  to  the  known  theorem 
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of  stereometry,  it  is  possible  to  assert  that  tcth  ray/beams  CA*  and 
C j A t ' are  normal  to  the  shortest  distant  C C,  between  them.  Therefore 
also  segment  element  CCj  can  be  considered  lying  on  the 
fixed/recorded  wave  surface  as  standards  to  which  serve  ray/beams  CA' 
and  ClA'l.  According  to  the  law  of  t aut och ron ism,  the  optical  length 
of  course  of  ray  between  wave  surfaces  and  CC,  is  constant.  Therefore 
EC  = A |C  j . 

We  want  so  that  the  image  of  point  A,  would  be  point.  In  that 
case  according  to  the  condition  of  the  formation/education  of  point 
image,  must  be  fulfilled  the  following  expression: 

. I 

A,  A,  « tonwt,  . 

Here  stands  to  the  right  the  constant,  different  from  constant  in 
expression  AA1  = const. 

Using  drawing,  it  is  possible  to  write 

A,C,  ♦ n'c'  A , • con»tj . 

Formula  AA'  = const,  also  can  be  presented  in  the  form  of  the 
ex  pressi  on 

nA6  ♦[fcc]*n,eA'  « con*t(.  (11.8) 

Page  45. 
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From  point  let  us  drop  perpendicular  a[&'  to  ray/beam  CA' 
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Cat  CA*  can  be  presented  as  difference  in  cuts  C3*  and  A' 

Therefore  we  will  obtain 

nAi  ♦ ( bCj  ♦ n'Cb'  - n'A'b' • cOnol,. 

Cut  CB*  there  is  a distance  between  the  end/leads  of  the 
perpendiculars,  omitted  from  ends  of  the  cut  ca!  to  tay/beam  CB'. 

c4  *; 

Therefore  cuttings  off  CB*  there  is  the  orthogonal  projection  cf  cut/- 
on  ray/beam  CB*  and  is  expressed  by  the  formula 

Cb'  » C , A '4  to»  ely  « C,a',. 

Here  d.y  is  infinitesimal  angle  between  ray/beaas  <"A'  and  C,A',  whose 
cosine  differs  from  unity  by  negligible  higher  crder  quantity.  As  a 
result  of  the  fact  that  BC  = A,C,  and  CE*  = CjA',  cos  dr  . c,a; 
expression  (II. 8)  is  written  thus: 

nAb  * A(C,  * n' C , - nVb'  • 

Deducting  from  it  the  expression 


A ,£,  ♦ n't(  aJ  • eomV, , 

we  find 

h Ab  - n*  A*  b'  * At  . 


Here  dc  is  the  constant,  different  from  preceding/previous. 


From  triangles  ABAt  and  A'B'A',  it  is  possible  to  obtain  the 
ex  pression  s: 

AG  ■ Af  cot  j 
A b ■ At  cos  ocL. 


because  of  this  let  us  find  from  formula  nAb-nVb'«Ac,  that 
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nd.{  cosot  * n'A?  cos  ot  « dLt , 

This  be  cosine  law,  A.  Conradi *s  foe  the  first  time  obtained. 

Page  46. 

However,  in  this  form  this  law  little  befits  fer  practical 
appl icat ion/use,  in  the  first  place,  because  in  it  they  are  present 
infinitesimal  cuttings  off  d.t  and  cLf  and,  in  the  second  place, 
because  in  it  is  the  indefinite  constant  dC. 


To  remove  from  this  expression  infinitesimal  values  is  possible 

by  its  term-by-term  division  on  it  . In  this  case,  one  should  consider 

that  eft' / dt  there  is  linear  magnification  V in  the  optical  system,  a 
ic/clt 

- the  certain  indefinite,  but  final  constant  C.  Thus,  we  will 
obtain  the  second  form  of  cosine  law 

I I 

n cos  ocg  * n cos  <*,0  • C . 


Eliminating  from  these  expressions  value  C,  we  will  obtain 

n (cos  oc  - cob  •<-,)-  n1  V ( cov°t  - e*a  . 

For  imparting  to  cosine  law  of  more  symmetrical  form,  is  solved  this 
equation  relatively  V: 

u ncos  ««.  - COSoC0 

v • asu)  : .in?  ' <"•’> 


A 
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This  expression  of  cosine  law  in  the  most  convenient  for  practical 
application/use  form. 


To  cosine  law,  and  also  and  by  other,  obtained  from  it  in  laws, 
is  been  inherent  one  special  property  which  here  one  should 
emphasize.  First  of  all  let  us  note  that  ccsine  law  is  fulfilled  in 
such  a case,  when,  substituting  in  formula  (II- 9)  all  possible  pairs 
cf  the  values  of  angles  a and  a • within  the  limits  of  the  focal 
aperture  of  this  optical  system,  we  from  this  formula  we  will  obtain 
always  one  and  the  same  value  of  linear  magnification  in  V.  For  us  it 
is  necessary  to  operate  only  with  ray/beams,  which  connect  points  A 
and  A'.  But  in  this  case  cosine  law  makes  it  possible  to  judge  the 
quality  of  the  image  of  point  A,,  which  lies  on  the  other  end/lead  of 
the  cut  d-t  , aside  from  course  of  ray,  which  connect  points  A and 
A';  if  cosine  law  is  carried  out,  then  at  point  A'j  will  be  reached 
the  point  image  of  point  Alf  otherwise  - it  will  not  be. 


Fage  47. 


Possibility  to  judge  the  correction  of  aberrations  at  the  points, 
lying  on  the  ray/beams  whose  course  through  the  optical  system  is 
designed,  makes  it  possible  to  decrease  the  space  of  the 
computational  of  works,  spent  during  of  new  optical  systems.  Although 
the  application/use  of  electronic  computers  makes  it  possible  not  to 
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fear  complex  and  tedious  computations,  the  simplification 
wcrk,  introduced  by  cosine  law,  remains  very  valuable  for 
optician-designer. 


in  the 
a 


One  should  recall  that  as  the  prerequisite/premise  of  the 
derivation  of  cosine  law  serves  satisfaction  of  the  condition  of 
formation  of  point  image  for  one  pair  cf  conjugate  points  A and  A,. 
The  observance  of  cosine  law  propagates  the  accuracy  of  image  to  the 
whole  conjugated/combined  linear  cell/elements  dt  anddt'  ,3ut  if  the 
indicated  prerequisite/prem ise  in  optical  system  is  not  carried  out, 
then  cosine  law  loses  sense. 

I 

Law  of  cosines  easily  it  is  converted  into  the  law  of  sines  with 
the  location  of  the  segment  elements  dt  and  dE1 , shown  on  drawinq 
(Fig.  II. 9).  The  end  points  A and  A'  of  these  cuts  (for  these  points 
is  satisfied  the  condition  cf  the  formation/education  of  point  image) 
lie/rest  on  the  optical  axis  of  system,  and  cuttings  off  t hemsel ves  d( 
and  df'  are  perpendicular  to  optical  axis.  In  the  more  general  case 
it  is  possible  to  suppose  that  the  ray/beam  on  which  lie/rest  these 
points,  does  not  undergo  fracture  within  system  and  is  at  least  the 
axis  of  the  symmetry  of  the  section  in  question.  In  order  to  achieve 
point  image  also  for  the  off-axis  end/leads  and  fk|  of  these 

cuts,  is  necessary  the  fulfillment  of  cosine  law. 

I 

I 


i 
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Fig.  11.9- 


Page  48. 

, 

Since  on  drawing  the  angles,  formed  by  ray/teairs  with  cuts  dl  and  ^ 

are  designated  in  letter  and,  taking  into  account  that  the 

relation  dC[d.l  in  this  case  real  1 y /actu a 1 ly  is  linear  magnification 

in  the  optical  system,  we  will  obtain 

n cos  L - cos  t0 

V * “FT  'co.O  -'cost-  (II. 10) 


From  drawing  evidently,  angles  6 and  i1  supplement  angles  a 


and  at*  to  90°.  Therefore 


V «• 


S‘lr\  aC  - Sin  o*-Q 
Sin  <*-'  - Mn  ™c'# 


for  determining  angles  a0  and  a'0  let  us  select  initial  ray/beam 

so  that  it  would  coincide  with  the  optical  axis.  Then  both  angles  a 

and  a’ 0 become  egual  to  zero,  and  the  expression  is  simplified. 

„ _ nsin  -*• 


n'  Sin  cW,'" 


L 
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This  is  a known  formulation  of  the  law  cf  sines,  derived  E.  Abbe.  The 

observance  of  the  law  of  sines  conditions  the  point  image  not  only  of 

dt  , 

one  segment  element  df  , but  whole  surface  element  about  by  a radius^ 
cf  perpendicular  to  optical  axis  system. 


C)  the  condition  of  the  sharp  image  of  segment  cf  curve  [ 3 ]. 


Let  us  examine  further  the  law  of  the  sharp  image  of  more 
complex  object  - segment  of  curve.  This  law  it  is  convenient  to 
derive/conclude,  on  the  basis  of  the  examination  of  the 
common/general/total  task  of  the  construction  cf  course  of  ray  in 
optical  system. 

Let  us  suppose  that  each  point  of  curve  &((.)  sharply  is  depicted 
at  the  appropriate  point  of  curve  a.'(i)  (Fig.  11.10). 

Let  s (u,  v)  and  s'(u.d)  designate  the  directing  vectors  of  the 
corresponding  ray/beams  in  th°  object  space  and  images  for  the  fixed 
value  of  t. 


t 
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According  to  law  the  faru/truss,  optical  path  length  between  a|t) 
and  I'll)  is  function  only  t and  does  not  depend  on  u and  v.  We  have 


-s&t.  tT. 
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Let  us  introduce  arc  lengths  t and  r j curved  respectively  in  the 
object  space  and  images  and  an  "increase" 

m.  » At'  / A c . 

Further,  let  t and  t*  be  the  unit  vectors,  tangential  to  curves  £ 


and  a Then  we  have 


.1'  V - il  « 


Introducing  angles  L and  C between  ray/beairs  and  tangential 
vectors,  wo  obtain  known  cosine  law 

^ £'  cos  t'  - n.  cos  t * c , . 

since  for  the  ray/beams,  which  connect  the  pair  of  the  corresponding 
points  with  curves  in  the  object  space  and  images,  value  ET  has  one 
and  the  same  value  of  c.  This  value  can  be  determined,  if  are  known 
angles  i and  £.'  for  any  one  of  the  ray/team,  which  connects  the 
points  in  question  with  curves  £ and  £'  , 
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Fig-  11.10- 


Page  50. 


«e  obtain 


cr 


"Thus, 


rV  c9*  i!  - n cok  l * rhn.1  co%  L0  - acov  L0 


rr\r\,'(C0i  t,'  * COk  Cj1)  r n ( co^  t “ cos  Co)i  (n.II) 

i\  C04  t * tfifc  t0 

rri  « — . 

•V  COk  L'  - COS  t# 


was  obtained  the  same  formula  which  was  derived  above. 


Special  interest  are  of  the  special  cases  which  follow  from  the 
obtained  condition: 


1)  there  is  a 
curve  a'  , i.  e.  t0 


ray/beam,  perpendicular  both  to  curved  o.  , and 
* fc-o  ~ na-  Then  we  have 


m.r\'  co k L'  * n t. 


(II. 12) 


4 
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This  case,  in  particular,  corresponds  to  axisyrametric  optical  and 
antenna  systems  whose  focal  curve  is  perpendicular  to  optical  axis; 

2)  there  is  a ray/beam  , tangential  to  both  curves,  i.e.,^0  * t' 

= 0.  Then 

(II. 13) 

To  this  condition  corresponds  the  optical  or  antenna  system  at  whose 
focal  curve  is  parallel  or  coincides  with  the  axis  of  system  or  with 
the  direction  of  the  collimated  ray/beams. 

The  presented  methods  of  optimization  as  this  repeatedly  was 
emphasized  that  they  clear  strictly  the  construction  of  real  optical 
diagram,  i.e.,  its  parameters,  which  determine  the  geometry  of  the 
reflecting  or  refracting  surfaces.  The  satisfaction  of  all  conditions 
- sines,  cosines  and  of  so  forth  only  guarantees,  h certain 
approach/approximation,  the  absence  of  the  determined  form  of 
aberration,  in  any  way  without  affecting  the  value  of  other 
aberrations. 


§ 3.  Selection  of  the  function  of  quality. 


i 


Let  us  examine  at  first  problem  in  general  view. 
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Let  us  suppose  that  there  is  certain  system  which  is  determined 
ty  the  finite  number  of  parameters. 

Page  51. 

Cn  the  selection  of  the  concrete/specific/actual  parameters,  depend 
the  properties  of  system.  If  the  properties  of  system  can  be 
characterized  by  one  number  (fcr  this  combination  of  parameters), 
that  correspond  to  certain  function  which  characterizes  system  in  the 
function  of  its  parameters,  then  this  function  can  be  call/named 
estimator,  the  cost  function  or  qualities. 

To  optimum  system  corresponds  the  minimum  either  the  maximum  or 
the  minimax  of  estimator. 

/ynots 

Let  certain  system  have  parameters  x,  , x2,  ...,  a its 

quality  is  determined  by  the  function  of  quality  $.<h(x, xny  The 

search  for  the  minimum  of  function  <t>  always  begins  from  certain 
initial  vector  x°  = ( x®,...,  x®)  or  of  the  point  n of-dimensional 
spaceRrv  .The  parameters  of  system  are  the  coordinates  of  this  point 
[7]. 


! 
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Let  us  consider  that  the  function  cf  quality  0 is  connected  with 
certain  another  function  u(t,  x)  , determined  fcr  points  x of  space  Rn 
and  of  points  t of  space  s.  The  value  of  function  u for  the  pair  cf 
points  (t,  x)  let  us  call  discrepancy.  Then  to  the  function  of 
quality  corresponds  the  square  of  root— me an-square  value  discrepancy 
u in  region  s 

S 

Xntegral  is  taken  on  region  S . Hearth  dt  is  implied  volume 
element;  q (t)  - the  assigned  weighting  function.  It  is  obvious,  the 
minimum  of  integral  corresponds  to  the  minimum  cf  the  function  of 
quality. 

In  the  case  of  the  linearity  of  system  or  with  the  sufficiently 
frequent  fragmentation  of  the  interval  of  the  variation  in  the 
variables  it  is  possible  tc  assume  that  during  transition  from  point 
x°  from  function  U°  = U<>(t,  x°)  to  the  new  point  x the  function  of 
quality  can  be  found  as 

* . |(u\  jE-jSLfxj'at. 

1 J 1 

in  this  case  let  us  assume  that  the  functions  have  continuous 


derivatives  in  terms  of  all  their  arguments  and  that  the  corrections 
are  sufficiently  small. 
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For  simplification  in  the  recording,  let  us  assume 


Then  the  task  of  the  minimization  of  the  function  of  quality  can  be 
brought  to  the  selection  of  such  parameters  x fcr  which  the 
corrections  6xlf  . ..,  Sxn  (or  vector  6x)  will  be  such,  that  the 
module/modulus  of  the  vector 

U(x°  ♦ 6x')«u6*tu°  6xl 

will  prove  to  be  minimum.  This  confirmation  makes  following  sense:  at 
the  optimum  or  close  to  it  state  of  system,  the  value  of  discrepancy 
0 , obviously,  will  be  either  minimum  (optimum  system)  or  by  almost 
minimum  about  a small  change  in  parameters  x (close  to  the  optimum 
system) . 


where 


Corrections  6xt  must  satisfy  normal  system  of  equations 

*°  (j  *0. 

% " («/  , V?)  « (u\  up. 


Here  in  the  parentheses  stand  scalar  products. 


The  solution  of  the  system  of  normal  equations  can  lead  to  the 
large  values  of  corrections,  which  contradicts  the  made  assumption 
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about  the  linear  character  of  system.  It  should  be  noted  that  the 
physical  sense  of  corrections  6x  consists  of  following:  this  be 
nothing  else  but  increments  in  parameters  x of  the  systems  which  are 
converted  it  of  one  state  into  another.  In  view  of  the  available  in 
practice  nonlinearity  of  the  dependence  of  aberrations  on  parameters 
x,  the  value  8x^  they  can  have  different  values  depending  on  absolute 
uagnitude  cf  vector  x. 

During  the  construction  or  the  algorithm  of  the  minimization  of 
the  function  of  quality,  it  is  important  to  consider  the  different 
role  of  the  separate  parameters  in  the  process  of  minimization. 

Page  53. 

Namely,  within  tha  limits  of  each  stage  it  is  possible  to  isolate  the 
most  effective  parameter  whose  adjustment  makes  it  possible  to 
maximally  decrease  the  module/ modu lus  of  vector  U. 

After  the  input/introduction  of  correction  we  obtain  the  new 

value  of  discrepancy,  for  which  is  correct  the  equality 

111  I - llu#|*  -lUj  SxJ1  . 

It  is  obvious,  the  minimum  value  U corresponds  to  maximum  uj  6x^ 


Fu  rthe  more 
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therefore  most  effective  will  be  the  parameter x^  , for  which  value|(u' 
) | it  is  maximum.  Let  us  designate  this  parameter  by  Xj,  or 
simply  x,.  If  we  are  restricted  to  the  addition  only  of  this 
parameter,  then  correction  Sx^»6x,  if  will  fce  equal  to 

0 0 

i(W 


Xf  the  obtained  value  6xt  is  great,  then  the  entire  group  of 
correcting  parameters  consists  of  one  parameter  x,  and  the  adjustment 
of  the  function  of  quality  is  conducted  : the  direction 

fix  • ( x, .0). 

But  if  6x  x rj  (where  is  the  selected  value),  then  one  should 

attempt  to  expand  the  group  of  the  amended  parameters,  after 
supplementing  parameter  x,  even  by  any  parameter  *•  . So  that  this 
parameter  would  be  most  effective  of  all  that  which  were  remaining 
the  scalar  product  of  the  changed  after  the  introduction  of 
correction  vector  U°  for  vector  V,°. 


must  be  maximum  on  module/modulus. 


Let  us  assume  that  &xit  = 6x2.  Then  as  the  effective  pair  of  the 


I 
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parameters  we  accept  parameters  1 and  2 and  compute  corrections  6xt 
and  6x2  (remaining  parameters  x3,  x4,  are  fix/recorded),  for 

which  the  module/modulus  of  vector  will  be  smallest. 


End  section 


SUBJECT  CODE  214D 

Page  54. 

If  co  rr  ect  ion  s are  great  ( nva.*  | 8x  L | >r|)  then  the  entire  group 
of  the  parameters  must  consist  of  x,  and  x2.  otherwise  it  is  possible 
to  supplement  the  group  of  the  amended  parameters  by  parameter  x3  so 

forth.  Thus,  can  be  found  the  group  of  the  parameters  *t  and 

vector  fix  with  coordinates  (Sx,.^ j^that  possessing  the  following 

property: 

| 

1)  its  maximum  in  module/modulus  coordinate  does  not  exceed  the 

selected  value  <]  ; 

2)  the  maximum  coordinate  of  the  vector  6x  of  the  expanded  group 

cf  parameters  x,,  x2,  xt*t  will  be  more  than  1 

The  process  of  the  construction  of  the  vector  of  direction  6x  it 
is  virtually  reduced  to  the  or thogonal izat ion  of  the  system  of 
vectors  this  case,  the  search  for  direction  6x  will  be 

considered  final,  if  after  the  input/introducticn  of  next  t - that 
coordinate  has  the  inequality 

(u*.  U,VK,(U,4tSx.U.UlM'), 
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where  k is  the  assigned  number. 

In  the  obtained  direction  6x,  is  realized  the  search  for  the 
minimum  value  of  function  of  quality  $ 

For  the  preservation/retention/maintaining  of  the  generality  of 
presentation,  it  should  be  noted  that  the  position  concerning  the 
effective  parameter  is  correct  upon  consideration  of  the  limitations 
which  must  be  superimposed  to  parameter  values.  In  this  case  it  is 
possible,  as  earlier,  to  isolate  the  initial  stage  of  the 
optimization  when  for  the  extent/elongation  of  a small  series  of 
large  increments  in  the  effective  parameters  it  is  possible  to 
substantially  decrease  U and  then  begins  the  prolonged  process  of  the 
gradual  decrease  U because  of  the  remaining,  less  effective 
parameters . 

Let  us  examine  now  in  more  detail  physical  nature  discrepancy  U 
in  connection  with  the  task  of  the  optimization  of  the  optical  system 
which  composes  the  final  goal  of  present  section. 

For  an  optical  system  as  the  function  of  quality,  it  is 
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convenient  to  select  the  RMS  value  of  aberrations  either  on  focal 
surface  or  in  aperture,  i.e.,  wave  aberrations. 

Fage  55. 

For  example,  expression  for  the  function  of  quality  can  take  the 
following  form: 

^ • (n.I5) 

where  &5,,  are  aberrations  in  meridian  cut; 

- Aberration  in  sagittal  section; 

ir  - a quantity  of  tay/beams  for  which  are  determined  aberration; 

- weight  coefficients. 

The  relationship,  ratios: 

4<f 

* M - M* 

is  determined  the  standard  deviation  of  focal  length  f and  of 
apical  cut  m of  the  assigned  magnitudes  <f°  and  m#  . 

Thus,  as  discrepancy  during  the  optimization  of  optical  systems 
we  will  utilize  aberrations,  and  among  the  latter  preference  will  be 
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given  up  to  wave  aberrations. 

In  this  case,  it  seems  to  us  that  during  the  analysis  of 
optical-type  antennas  it  is  possible  tc  use  three  in  principle 
equivalent  methods  of  evaluating  the  distortions: 

1)  in  the  range  of  parallel  beam; 

2)  in  the  interval/gap  between  the  reflecting  (refracting) 
surfaces ; 

3)  in  the  region  of  emitter. 

In  the  first  case  is  examined  the  operating  mode  in  transmission 
and  are  rate/estimated  distortions  according  tc  the  deviation  of  real 
wave  front  from  certain  plane  (Fig.  11.11). 

In  the  third  case  is  examined  the  work  to  recept ion/procedure 
and  distortions  are  rate/estimated  according  tc  the  deviation  t 
wave  front  from  certain  standard  sphere  (Fig.  11.12). 

The  second  case  corresponds  to  the  mixed  «o 
assumed  that  on  the  main  mirror  of  t xo-iin  ji  a '-it  • . 
parallel  beam,  inclined  on  certain  anqlc  ...•»• 
on  auxiliary  mirror  (II. 13a)  falls  soktcica  • 

outlying  source  (t ransiission)  . 
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Page  56. 


Page  57. 

It  is  obvious,  if  both  fronts  reflected  coincide  (Fig.  II. 13a,  b) , 
then  distortions  are  absent;  otherwise  the  degree  of  a difference  in 
these  fronts  is  proportional  to  the  aberrations  of  system.  In 
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specific  cases  the  preference  can  be  returned  to  one  or  the  other 


1-  Let  us  examine  first  case.  Let  in  Fig.  11.14  on  auxiliary 
mirror  fall  the  light  beam  from  the  source,  outlying  from  focus  into 
the  point,  characterized  by  vector  P.  Then  the  reflected  beam  can  be 


found  from  the  vector  relationship/rat ic 


*(c« -l*( (n*I6) 

where  R,  is  the  vector,  which  determines  the  surface  of  auxiliary 
mirror.  In  the  general  case  it  is  assigned  by  the  differential 


equation 


in,  B (<*■-*,) 

-j-A.  * --  , . -l  - It 

dip 


1 (d  -4  si.*1  ’ 


(n.i7) 


5 1 - single  standard  to  wave  front 


(n. 18) 


reflected. 
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Fig.  11.13. 


Page  57. 

Here  ^ is  the  unit  vector,  directed  along  incident  ray;  -j,  is  a 
standard  to  reflector. 


For  the  interpretation  of  eguation  (11.18)  let  us  introduce  the 
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vector  of  source  P,  which  determines  according  to  value  and  direction 
the  deflection  of  irradiator  frcm  focus  (Pig.  11.14).  Here  the 
position  of  ray/beams  in  incident  beam  is  determined  by  angles  with 
X-axis  and  y axis.  Then  in  the  meridian  plane  of  the  component  of  the 
vector,  directed  along  the  incident  ray: 


cos 


X 


R,  cox  If  - X, 


cot, 


y ~ Mi 


* l|(R,eoKf-x/)1  *(R  ,**¥-*,? 


In  order  to  assign  indirect  wave,  we  will 
the  figure  one  can  see  that  the  current  point 
assigned  by  radius  R,  sin  0 and  by  an  angle  ^ 


use  Fig.  II. 
on  auxiliary 


IS.  From 
mirror  is 
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Fig-  11.14. 
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Then  the  components  of  vector 


x 


are  equal  to 
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Parameters  of  standard  to  the  auxiliary  airror: 

cos.  x • to*  ( g - /b^v 

toss  • cok^.  kih(tf -(*■)»  (11.20) 

C0bl  * V,n<».  bi.n(<f-|k). 


Here  angle  /*  is  deterained  by  the  differential  equation 

i ax.  . 

~ 'l*  /*■ 

n >5 


Thus,  are  obtained  all  cell/elements  cf  relationship/ratio 
(11.16).  As  concerns  value  of  C,  , which  determines  path  froa  the 
falling/incident  front  to  that  which  was  reflected,  then  it, 
obviously,  must  be  more  distance  frcm  pcint  with  coordinates  x,  yt  of 
the  aost  reaoved  edge  of  auxiliary  airror  (Pig.  11.14).  The  vector  of 
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the  falling/incide  nt  front  x,  can  be  assigned  directly  at  the  point 
of  the  location  of  source.  Then  the  difference 

I* , * H Rt Wk  f * * <p  C05rt-  ■ fli)1*  (Ri bin  f *t')1  • (n.2i) 

Let  us  find  now  the  parameters  of  the  front,  reflected  from  the 
main  mirror 

V*t . (n.22) 

Equality  (11.22)  it  is  recorded  talcing  into  account  the  fact 
that  here  falling/incident  front  x2  is  equal  to  the  front,  reflected 
from  the  auxiliary  mirror  y,. 

The  equation  of  the  main  mirror  R2  is  determined  in  the 
parametric  form 


I-  [fin  II^I  \ /II 


where  R,  is  a radi us- vector  of  auxiliary  mirror. 


For  determining  entering  here  R,  and  * it  is  necessary  to  find 
the  coordinates  of  the  point  of  intersection  of  the  ray/beam  of  front 
7,  reflected  from  auxiliary  mirror,  with  main  mirror.  This  means  that 
it  is  necessary  to  solve  the  system  of  equations  of  the  meeting  of 
the  ray/beam 
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and  of  the  surface 


|* (<  ♦ Jtii'V ^ ^ ‘ ‘ 1 » ^ . 

I T f[xi  - R,(t  - cos  if)] 


J_  dn,  m 4>i.ntf  (d-a,) 


Page  61. 

Here  - the  coordinate  of  point  on  the  ray/beam,  reflected 

from  auxiliary  mirror,  §,,,  , , \tt  - th  e component  standards, 

directed  along  this  ray/beam. 

System  of  equations  is  solved  by  the  method  of  iterations. 

The  unit  vector,  normal  to  wave  front  y2  reflected,  will  be 

* Vlii<  Ttl»V 

Here  the  components  of  standard  fj  to  the  main  mirror: 


"■***■■» 


r!fj“-  ■ ■ 
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C0»R  » - COb  i 
COb^  m COSM^bi-riy  ■, 

cot  , • bi-n  »*.,bl.n  f , 


(n.24) 


where 


H r 


2 oL  - R , (T-  e o fcif) 


The  components  of  standard  to  wave  front  of  the  incident  can 
te  found  after  the  substitution  of  values  (II. 20)  and  (11.21)  in 
(11.18)  . 


Constants  c,  and  ci  determine  position  front,  that  left  the 
antenna,  and  they  are  assiyned  from  condition,  for  example,  that  the 
last/latter  wave  front  intersects  aperture. 

By  the  essential  torque/moment  of  the  calculation  of  aberrations 
is  the  process  of  the  comparison  of  the  front  y2  reflected  about  the 
standard  plane  ;*«  Essence  consists  of  following:  let  Fig.  11.16  be 
depicts  the  wave  front  y2  and  plane  In  crder  to  rate/estimate 

aberrations  in  antennas,  obviously,  necessary  in  a some  manner  to 
deduct  one  front  of  another  and  to  find  the  BUS  value  of  the  obtained 
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However,  how  to  find  this  difference  and  which  points  of  both  of 
fronts  to  consider  mutually  appropriate?  It  is  cbvicus,  there  is  as 
much  as  desired  methods  in  order  to  establish/install  this 
conformity;  as  an  example  can  serve  figure  II.  16a,  c.  . It  is  here 
shewn  two  cases.  In  the  first  are  compared  the  points  with  identical 
ordinate,  in  second  point,  which  lie  on  standards  to  plane  of 
reference.  Apparently,  it  is  net  possible  tc  give  categorical 
preference  to  any  comparison  method,  but  we  will  compare  both  fronts 
with  respect  to  standards  to  the  front  i,  reflected  (Fig.  II.  16c)  . 
In  this  case,  it  is  necessary  to  find  the  pcints  of  intersection  of 
straight  line,  characterized  by  direction  and  to  plane  **  , and 

then  the  point,  which  lies  on  the  terminus  of  vector  y2,  and  finally 
to  determine  the  distance  between  them.  Analytically  this  means  that 
it  is  necessary  to  find  the  intersection  of  straight  line 

JLilii.  t Azbt  , -ijjt*.  (n.25) 

*»* 

with  plane  characterized  by  the  equation 


He  re 


( » COW  0 •,  rr>  ■ tin  0 ; r\  a t i, 

*•0*^-'  • 0 V l#*0. 


(11.26) 
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i-  e.  this  can  be  the  plane,  passing  through  the  apex/vertex  of 
auxiliary  mirror  at  an  angle  Q tc  the  vertical  y axis.  Let  us 
call/name  conditionally  the  coordinates,  obtained  during  joint 
solution  equation  (11.25)  and  (11.26)  letters  x*  , n*  , x*  . Then  the 
deviation  of  front  y2  from  front  i'  at  the  particular  point  will  be 


• (n.2?) 


To  evaluate  common/general/total  deviation,  we  will  use  integral 
of  standard  deviation  with  respect  to  entire  aperture,  characterized 
by  the  angles  f, 

(tU2e> 


r 


1 
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By  P.  Rassmotry  the  second  case.  In  this  case,  let  us  turn  to 
diagram  in  Fig.  11.17.  Here  on  main  mirror  tails  light  beam  at  an 
angle  0 to  x-axis.  Then  the  parameters  of  standard  to  the 
fa  11 ing/inciae nt  front: 

i 

(n.29) 

i 


The  parameters  of  standard  to  main  mirror  are  determined  by 
equations  (11.24) , and  the  surface  of  the  main  thing  by 
mirror-equations  (11.23).  Substituting  fll.  23),  (11.24),  (ir.29)  into 

equation  of  the  type  (11.16),  let  us  find  the  fcont,  reflected  from 
the  main  mirror  when  not  it  falls  the  flat/plane  inclined  front: 

* 1 ‘ n i 1 ) ■ 

The  equation  of  the  falling/incident  front,  or  more  precisely, 
difference  Jr?  - x,j,  let  us  find,  after  using  Fig.  11.17.  Here  the 
plane  of  the  fa lling/incident  front  is  assigned  by  the  equation 

n 6 ♦ i|  tin  3 - cl  co 0 *0. 


cos  e ; ! 

j 

7.^  • fctn  8 l 

H 1 ’ • 
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Then  distance  from  point  **  ■>  ij  a of  this  plane 

I *1  *^tl  * I ( * aC06  0 + bin  8 - olcoi  6)|  . 

By  selection  C,  we  attain  that  the  front  y,  being  investigated 
would  render/show  in  the  interval/gap  between  mirrors.  The  front, 
reflected  from  auxiliary  mirror  and  proceeding  from  the  source, 
outlying  from  focus  into  point  with  coordinates  xt,  y,,  already  we 
have  found  and  it  is  expressed  by  equations  { 1 1. 1 6)  - (I  I.  23  ) . 

Page  65. 


Obviously,  if  front  y,  and  front  ( II . 16)  - ( II.  3)  during  the 
proper  selection  of  constants  C,  coincide,  then  of  distortions  in 
system  they  are  absent;  otherwise  the  degree  of  the  disagreement  of 
these  fronts  will  determine  the  value  of  distortions  in  system. 


izzr 

A.  the  third  case  corresponds  to  an  incidence/drop  in  the 
flat/plane  inclined  front  on  antenna;  he  is  studied  the  leviation  of 
the  front,  reflected  by  auxiliary  mirror,  from  sphere.  From  main 
mirror  is  reflected  front  "y ,,  and  then  it  is  converted  into  front  y2 
after  reflection  from  auxiliary  mirror.  The  investigation  of 
aberrations  in  this  case  consists  in  the  computation  of  the  distance 
from  point  xw  yx  with  alternating/variable  position  of  front  *y2 


I 
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which  then  is  compared  with  certain  supporting/reference  distance, 
i.  e.  , is  determined  standard  deviation  A L.  The  values  of  the 
components  of  this  relationship/ratio  were  already  found  in  the 
preceding/previous  cases. 

§4.  Formulation  of  the  problem  of  the  synthesis  of  the  optimum 
scanning  optical-type  antennas. 

Cne  Of  the  most  urgent  tasks  the  antenna  cf  technology  still  is 
the  task  of  constructing  of  the  wide-angle  scanning  antennas  (mirrors 
and  lenses ) . 

Despite  the  fact  that  as  such  antennas  are  applied  long-focus 
parabolic  reflectors,  aplanatic  and  bifocal  two-mirror  and  lens 
antennas  and  the  tasks  of  scanning  to  a certain  degree  are  solved,  it 
seems  to  us  that  this  solution  in  the  majority  cf  cases  far  from  the 
optimum. 

Actually,  the  requirements  which  before(are  to  the  scanning 
antennas,  it  is  possible  to  systematize  approximately  as  follows: 

1)  is  assigned  the  sector  of  continuous  scanning; 
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2)  are  assigned  the  angles  of  the  discrete  location  of 
ray/beams; 

3)  is  assigned  focal  curve  and  sector  of  scanning. 

Page  66. 

It  is  obvious,  in  all  cases  it  is  assumed  that  the  distortions 
of  radiation  pattern  must  be  minimum  or,  in  the  extreme  case,  equal 
tc  zetc  for  all  beam  directions. 

Without  doubt  are  solved  the  placed  problems  and  which  antennas 
are  utilized?  Besides  spherical  antennas  and  Luneberg's  lenses  which 
invariants  relative  to  the  direction  of  scanning,  most  widely  are 
utilized  the  indicated  antennas  (parabolic  and  aplanatic).  However, 
such  antennas  are  palliative  by  their  the  very  nature:  they  are 
designed  for  obtaining  ideal  ray/beam  only  at  one  point  (paraboloid, 
aplanat)  or  at  two  points  (cylindrical  bifocal  antenna  with  line 
sources),  and  during  the  deviation  of  scurce  from  these  points  (foci) 
cccurs  a progressive  increase  in  the  distortions  (Fig.  11.18).  As 
concerns  the  focal  curve  in  which  are  a rrange/locat.ed  the  sources, 
then  it,  obviously,  must  be  only  such,  which  has  this  antenna. 
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It  seems  to  us  that  much  more  adequate  to  stated  problem  must  be 
the  antennas,  specially  designed  for  each  case,  i.e.,  satisfying  the 
placed  condition  in  the  assigned  best  approximation.  In  this  setting 
this  tc  problem  is  reduced  t ) problem  of  the  synthesis  of  certain 
equipment/device  in  accordance  with  the  assigned  requirements. 

We  examined  above  the  task  of  optimization;  its  essence 
consisted  in  the  fact  that  among  the  assigned  type  of  antennas  (for 
example,  aplanatic)  and  with  were  placed  conditions  it  was  selected 
such  version  which  during  the  concrete/specific/actual  combination  of 
its  parameters  in  a best  (in  known  sense)  manner  satisfies  the  stated 
requirements.  However,  the  type  of  antenna  from  this  is  not  changed, 
since  the  solution  of  problem  was  searched  xor  in  just  one  class  - 
the  form  of  characteristic  curve  was  not  subject  to  change. 
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Fig-  11.18.  I - lonofocal  antenna.  II  - bifocal  antenna. 


Page  67. 

Unlike  the  procedure  of  optimization,  synthesis,  is  provided  for 
first  of  all  precisely  a variation  of  characteristic  curve,  including 
ay  the  same  time  simultaneous  optimization  as  part  of  the  process. 
Therefore  in  the  final  analysis  for  each  specific  case  of  use,  can  be 
constructed  completely  specific  antenna. 

The  problem  of  the  synthesis  of  optimum  antennas  to  a certain 
degree  is  analogous  to  the  tasks  of  the  corstruction  of  optimum 
cybernetic  systems,  in  connection  with  which  as  the  basis  of  antenna 
synthesis  can  be  placed  analogous  matemathical  apparatus.  In  this 
case,  without  damage  for  generality,  we  can  to  assume  that  in  our 
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case  occurs  the  dynamic  system  (antenna),  controlled  by  digital 
computer.  In  this  case,  let  us  examine  the  systems  which  are  assigned 
by  the  fundamental  differential  eguaticn 

[ V .1 .4  ( (IJ.-30) 


and  the  series  parametric  equations: 
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The  selection  of  functions  (11.33)  is  limited,  i.  e. , 'it « * * ***  ,ottA, 
a the  extremum  of  functional  is  searched  for  in  certain  permissible 
interval  of  the  angles 

Vi  4 V « . 


I.  Simplest  task  of  optimum  synthesis  includes  creation  of 
antenna  for  which  must  be  provided  minimum  cf  integral 


(0.3*0 


for  assigned  angle  of  deflection  of  radiation  pattern  0.  Then  the 

conditions  of  task  can  be  formulated  as  follows:  to  find  function 

4,  (V)  . 

r which  it  would  supply  the  minimum  to  functional  (11.34)  for  the 
dynamic  system: 

* *Fi[x’-ir ^ 

N ■ ‘M'fW"  V i 


(11.35) 
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with  the  limitations: 

*1  ‘ A * <*,  * 
*»,  * M 4 «(  • 

ft  M * f,v 

«■  « mC  (if)  :0  . 


(n.36) 


V (FT. 37) 


Faye  69. 

Here,  as  can  be  seen  from  (11.37) , the  discussion  concerns  monofocal 
antenna  with  focus  on  the  axis. 

II.  Second  task  of  optimum  synthesis  can  te  considered  as 
variety  of  the  first:  its  condition  can  be  propagated  to  bifocal 
antenna,  after  replacing  equation  (11.37)  with  equation 


ot  * «(<f)  «±  A. 
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III-  Third  task  is  minimization  of  functional  (II. 31*)  for  sector 
♦9  with  assigned  trajectory  of  movement  of  source.  It  is  obvious, 
this  task  to  a certain  degree  can  be  solved  for  mono-  or  bifocal 
antenna.  Then  limitations  take  the  form 


oL  t ( A 4 ol,  > 

4 tt  i M , ; 

Yi  if, 

“c  “ »c(^js0 

V * Fi  ) • 

IV.  The  preceding/previous  task  can  have  interesting  solution, 
if  we  are  not  limited  to  the  antenna,  which  has  focus  (or  two  foci), 
namely,  the  fourth  task  of  optimum  synthesis  has  the  following 
formulation:  in  sector  +9,  the  antenna  must  have  minimum  error  (for 
example,  constant)  . This  task  to  us  is  represented  most  adequate  for 
antennas  with  wide-angle  scanning.  Let  us  formulate  it  in  the  terms 
of  variational  methods. 


Let  the  sector  of  scanning  be  broken  into  n of  intervals.  Then 

for  each  interval  it  is  possible  to  record  integral  (11.34): 

Q I _fi_  - J 1 a L1  oLtf  ; 

I H J 


19  * t Ll  A (?  \ 


<1 


cl  If 


(11.38) 
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Here  limitations  are  analogous  systems  (II. J6),  and  as  the  minimizing 
functions  they  are  utilized: 

^ Sin  ip  ■ 

00  * 4 j (V) . ' 


V.  As  the  following  task  of  optimum  synthesis,  it  is  possible  to 
examine  the  method  of  the  construction  of  antennas,  similar  bifocal. 
As  is  known,  bifocal  antennas  are  designed  only  for  one  section, 
which  contains  axis  of  antenna  and  both  foci.  Aberrations  in 
remaining  sections  (astigmatism)  in  any  way  are  net  monitored;  in 
connection  with  this  to  rationally  assign  more  common/general/total 
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mission.  fJamely,  to  find  these  two  control  functions: 

<*•  * «■  ( if ) i 

which  would  give  the  minimum  to  functional  (11.34)  for  values  +0. 

With  this  precise  convergence  in  meridianal  section  (as  the  bifocal 
antennas)  will  not  have.  But  aberrations  as  a whole  will  be  decreased 
because  of  a compromise  between  aberrations  in  different  planes. 

The  formulated  in  present  paragraph  tasks  cf  optimum  synthesis, 
apparently,  do  not  exhaust  all  possible  situations  which  can  arise, 
during  the  development  of  the  scanning  antennas.  However,  these 
full-universal,  and,  obviously,  in  equal  measure  they  can  be  solved 
not  only  in  connection  with  two-mirror  antennas,  but  also  to  the 
antennas  lens,  m it r or- lens,  or  to  antennas  with  point  source. 

It  should  be  noted  that  the  setting  of  the  variational  problem 
of  the  synthesis  of  optimum  antennas  first  oecoies  possible  only  in 
view  of  the  essential  progress  of  computer  technology,  and  also  the 
appearance  of  new  investigations  in  the  field  cf  logic  and  algorithms 
of  the  solution  of  the  nonlinear  problems  of  the  optimum  synthesis: 
dynamic  programming  and  the  principle  of  maximum  [8,  9,  11-15], 
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Virtually  the  essence  of  the  problem  of  the  creation  of  the  optimum 
scanning  antennas  consists  precisely  of  the  development  of  this  logic 
of  machine  calculation  so  that  even  at  the  existing  enormous 
velocities  TsVM  task  could  be  solved  for  the  foreseeable  interval  of 
machine  time. 

§5.  Construction  of  the  elementary  operation  of  synthesis  according 
to  approximation  method  in  the  space  of  strategies. 

Let  us  examine  the  diagram  of  the  method  cf  the  optimum 
synthesis  cf  two-mirror  antenna,  based  on  approximation  in  the  space 
of  strategy  [8.14]. 

As  the  basis  of  method,  can  be  placed  the  following  principle  of 
needle-shaped  variations:  for  some  arbitrary  or  obtained  by  other 
previously  methods  characteristic  curve  is  assumed  that  its  small 
section  can  change  within  certain  limits  by  low  value.  In  this  case, 
entire/all  remaining  part  of  characteristic  curve  remains 
constant/invariable;  however,  varying  one  region  of  curve,  even  very 
small,  we  nevertheless  each  time  we  obtain,  strictly  speaking,  new 
antenna  to  new  aberrations.  From  all  variations  in  the  section  of 
characteristic  curve  in  guestion  is  selected  that,  that  provides  the 
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minimum  of  functional,  aberrations,  designed  for  an  entire  antenna. 

Fundamental  requirement  for  needle-shaped  variations  consists  of 
the  preservation/retention/maintaining  of  the  continuity  of 
characteristic  curve.  As  is  known,  function  “fix')  he  is  called 
continuous,  if  to  the  small  change  x corresponds  a small  change  in 
the  function  4 ( » ) . 

Last/latter  determination  needs  the  refinement:  it  is  possible 
to  consider  the  close  of  function  y(x)  and  yj  (x)  in  such  a case,  when 
the  module/modulus  of  their  difference 

at*1)  - I*") 

is  small  for  all  values  of  x,  for  which  are  assigned  functions  y (x) 
and  y,(x),  i.e.  , to  consider  close  curved,  close  in  ordinates. 

Fage  7 2- 

However,  in  many  instances  are  more  logical  to  consider  close  only 
those  curves,  which  are  close  in  ordinates  and  in  the  directions  of 
tangents  at  corresponding  points,  i.e.,  for  close  curves  not  only 
small  the  module/modulus  of  difference  y(x)-yt(x),  but  is  also  small 
the  m cdu  le/mod  u lus  of  difference  y 1 (x)- y*  , (x)  . 

Therefore  it  is  possible  to  count  that  the  curves  of  y = y (x) 
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and  y = y t { x)  are  close  in  the  sense  of  zero-order  nearness,  if  the 
module/modulus  of  difference  y(x)— yt(x)  ml.  Furthermore,  curved  yt(x) 
and  y (x)  are  close  in  the  sense  of  first-order  nearness,  if  the 
modu le/mod ul i of  differences  y(x)— y,(x)  and  y‘(x)— y*1(x)  are  small. 

So,  Fig.  11.19  depicts  curves,  close  in  the  sense  of  zero-order 
nearness,  but  close  in  first-order  sense,  since  ordinates  in  them  are 
close,  and  the  directions  of  tangents  are  not  close. 

The  curves  of  Fig.  11.20  are  close  in  the  sense  of  nearness  of 
the  X order.  The  requirement  for  the  continuity  of  characteristic 
curve  can  be  formulated  as  follows:  the  function  8 « 4 

is  continuous  when  * = *0,  if  for  any  & it  is  possible  to  fit  6 > 0 
such,  that 

I*  CO  ' i ( Yo)l<  1 

with 

|<f  * ¥ol  * S • 

The  concept  of  extremum  with  a variation  in  the  individual  parts 
of  characteristic  curve  also  needs  refinement. 
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Fig.  11.19. 


Page  73. 

Speaking  about  the  minimum,  we  will  bear  in  mind  the  smallest  value 
of  functional  only  with  respect  to  the  values  cf  functional  in  close 
curves.  But,  as  it  was  shown  that  nearness  of  curves  can  be 
understood  differently;  therefore  in  the  determination  of  the  maximum 
or  minimum,  we  will  distinguish  the  degree  of  this  nearness. 

If  the  functional  of  phase  error  reaches  in  the  curve  of  y = 
y0  (*)  the  minimum  according  to  relation  to  all  curves,  for  which  the 
module/modulus  of  difference  y(*).y0(«)  is  small,  i.e.,  with  respect 
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to  curved,  close  to  y = y0($)  in  the  sense  of  zero-order  nearness, 
then  minimum  it  will  be  weak.  But  if  functional  reaches  in  the  curve 
cf  y = yQ (*)  the  minimum  only  with  respect  to  curves,  close  to  y = 
y0 (*)  in  the  sense  of  first-order  nearness,  i.e.,  with  respect  to 
curved,  close  to  y - y0(*)  not  only  in  ordinates,  but  also  in  the 
directions  of  tangents,  then  the  minimum  will  fce  powerful. 


Apparently,  in  the  first  stages  of  synthesis  it  is  possible  to 
assume  that  the  target/purpcse  of  each  needle-shaped  variation  on 
this  section  of  characteristic  curve  will  he  obtaining  the  weak 
minimum  of  the  functional,  which  determines  phase  error. 

Now,  when  is  given  definition  of  needle-shaped  variation  as 
basic  operation  of  antenna  synthesis,  let  us  shew,  as  it  can  be 
realized  irrespectively  of  the  specific  problem  of  synthesis. 

Let  there  be  certain  mcnofocal  twe-mirror  antenna,  presented  in 
Fig.  11.21  and  11.22. 

It  is  further  necessary  to  find  the  characteristic  function 
which  would  provide  minimum  ras  error  and  satisfied  some  requirements 
whose  formulation  to  us  is  not  now  important. 


During  the  solution  of  problem  as  approximation  method  in  space 
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- strategies  let  us  accept  for  base  N - the  1 ine-of-commun icat ion 
process,  in  each  stage  of  which  is  varied  certain  region  of 
characteristic  curve  (needle-shaped  variations).  So,  by  Fig.  11.21  it 
is  accepted  that  is  varied  the  region  from  point  A to  point  B(B*, 

B . . ) , moreover  point  A is  constant/invariable,  and  point  B 
consecutively  accepts  a series  of  positions.  The  new  sections  AB 
oust,  obviously,  to  be  tangents  to  the  remaining  part  of 
characteristic  curve  at  point.  A. 

Page  74. 

Then  during  the  first  stage  of  the  first  stage  we  are  have  an  antenna 
from  characteristic  curve  ElAOA1E1j;  at  the  second  stage  - antenna 
from  cha racteristic  curve  B*A0A,B2,  so  forth.  For  each  of  these 
curves,  is  calculated  the  functional  of  quadratic  phase  error  and  is 
selected  curve,  that  ensures  minimum  value. 

In  this  case,  the  results  of  calculation  are  compared  with  the 
value  of  phase  error,  obtained  for  an  antenna  from  initial 
characteristic  curve  with  the  optimum  for  it  lccation  of  source. 

At  each  stage  of  the  next  stage  of  synthesis,  we  deal  only  with 
the  value  of  functional,  minimum  for  the  preceding/previous  stage  and 
with  the  results  of  calculations  at  this  stage  of  this  stage,  i.e.. 
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in  the  memory  of  machine,  always  is  stored  only  one  value  of 
functional  (in  the  case  of  one-dimensicna 1 control)  unlike  the 
radiation  synthesis  where  it  is  required  tc  store  a whole  series  of 
the  values  of  functionals,  since  must  be  carried  out  the  parallel 
sorting  of  the  parameters  of  immediately  several  ray/beams. 

One  should  note  also  that  on  the  strength  of  the  discreteness  of 
task  we  actually  utilize  not  entire  curve  on  section  AB  (B1,  B2,...), 

but  only  one  point  B(B*,  B2,...),  more  precise,  only  its  abscissa 

( ‘f ) cos,  q>  , 

A since  ordinate  y it  corresponds  to  the  intervals  of  discreteness 
and  is  accepted  as  constant  for  this  stage  cf  optimization . However, 
with  this  setting  immediately  appears  the  problem  of  the  selection  of 
the  permissible  positions  of  point  B(B‘,  B2,...). 


dawn 


Page  75. 

It  is  obvious,  this  point  so  must  be  arrange/lccated  in  space  so  that 
general  characteristic  curve  would  not  have  fractures  and  sections, 
parallel  the  axes  of  antenna,  since  antenna  from  such  characteristic 
curve  cannot  be  realized  in  practice. 

Let  us  examine  the  following  (the  second)  stage  of  synthesis 
(Fig.  11.22).  On  this  stage  are  record/fixed  position  of  the  best 
point  of  the  pr eced in g/pr ev ious  stage  (for  example,  point  B3)  and  the 
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position  of  point  C,  which  is  subject  to  variation  in  the  subsequent, 
3rd  stage  of  synthesis. 


The  second  stage  lies  in  the  fact  that  is  taken  a series  of  the 
values  of  the  abscissa  of  point  A(Al,  A2,  ...)  and  for  obtained 
characteristic  curves  (for  example,  E3  A3  CCCj  A3  B3X)  is  calculated 
the  value  of  functional  for  entire  antenna  aperture.  In  this  case,  it 
can  seem  that  the  obtained  value  of  quadratic  phase  error  will  be 
equal,  is  more  or  less  than  the  phase  error,  calculated  for 
characteristic  curve  B3  AO A B3,.  If  not  one  of  the  values  of 
functional  will  be  less  than  preceding/previous,  then,  obviously,  it 
is  necessary  to  leave  the  old  value  of  the  abscissa  of  point  A,  which 
corresponds  to  the  first  stage,  and  to  pass  to  following  stage.  On 
the  other  hand,  it  should  be  noted  that  in  each  stage  it  must  be  (n  ♦ 
1)  stages,  moreover  value  must  be  limited  only  to  torqua/m omen t of 
obtaining  the  outer  limit:  on  (n  + 1 ) — t h stages  the  result  must  be 
worse  than  at  n-th  stage.  This,  it  goes  without  saying,  is  correct, 
if  with  a variation  in  the  coordinates  of  point  A occurs  a decrease 
(or  an  increase)  in  the  phase  error  of  an  entire  antenna  in 
comparison  with  the  result  of  the  first  stage. 


Let  in  the  second  stage  of  synthesis  the  test  result  be  obtained 
for  characteristic  curve  B3  A2  COC,  A2,  B3,.  Then  on  the  third  stage 
cf  optimum  synthesis  is  detented  the  positicn  of  points  B3  A2  and  of 


i 
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an  entire  remaining  part  of  characteristic  curve,  except  point  C;  the 
schematic  of  the  process  of  the  optimization  of  the  coordinates  of 
point  C the  same  as  in  the  preceding/previcus,  2nd  stage;  as  a result 
cf  the  sorting  of  abscissas,  is  selected  the  value  4 (V)  «»»  g ensuring 
the  minimum  of  phase  error  in  this  stage. 


DOC  = 772  00804 


Page  76. 

Pigures  11-23  snows  the  two-mirror  antenna  at  whose 
characteristic  curve  is  subjected  to  needle-shaped  variation  in 

Si*  * I yd  • 

interval  It  is  easy  to  see  that  this  form  change  of 

characteristic  curve  will  lead  to  the  appropriate  changes  in  the 
airfoil/profiles  of  main  and  auxiliary  mirrors.  This  in  turn,  will 


cause  a change  in  the  direction  of  the  beams,  reflected  from  mirrors. 


Pig.  11-23. 
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Page  77.  Chapter  III. 


ALGORITHMS  OF  SYNTHESIS. 


By  algorithm  [15]  m we  understand  certain  formal  instruction 
according  to  which  it  is  possible  to  obtain  the  necessary  solution  of 
problem.  This  formulation,  is  understood  it  does  not  pretend  to 
accuracy,  but  fast  expresses  that  intuitive  view  to  algorithm  which 
was  formed  even  in  antiquity.  Term  "algorithm'*  proceeds  on  behalf  in 
the  name  of  the  medieval  Uzbek  mathematician  Al'Khorezmi,  who  even  in 
IX  V.  gave  the  rules  of  the  fulfillment  of  four  arithmetic  operations 
ir  decimal  system. 

To  any  algorithm  are  character ist ic  some  common  properties: 

1)  the  determinancy  of  algorithm.  Is  required,  so  that  the 
method  of  action  (computation)  would  be  so  precise  and  generally 
understandable,  so  that  would  not  remain  the  places  to  the 
arbitrar in  ess: 

2)  the  mass  character  of  algorithm.  Algorithm  serves  not  for  the 
solution  to  any  specific  problem,  but  for  the  solution  of  the  whole 
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class  of  tasks.  Indications  on  the  method  of  action  are  used  to  the 
initial  conditions  which  can  be  varied; 

3)  the  result  of  algorithm.  This  property,  called  sometimes  the 
directivity  of  algorithm,  it  requires  so  that  the  algorithmic 
procedure,  used  to  any  task  of  this  type,  through  the  finite  number 
cf  spaces  would  be  stopped  and  after  stop  it  would  be  possible  to 
deduct  the  unknown  result. 

Algorithms,  in  accordance  with  which  to  actions,  I call 
ruraerical  algorithms.  Numerical  are  the  algorithms,  expressed 
formulas  or  the  diagrams,  serving  for  the  solution  of  certain  class 
cf  tasks,  if  by  these  formulas  is  completely  expressed  both  the 
composition  of  actions  and  the  order  in  which  they  must  be  fulfilled. 

Is  feasible  also  the  logical  algorithm,  which  can  be  the 
independent  method  of  action,  and  it  can  enter  in  the  composition  of 
numerical  algorithm,  for  example  on  the  basis  cf  intermediate 
results,  must  be  accepted  solution  to  the  character  of  the  subsequent 
actions  or  even  to  the  cessation  of  further  calculations. 

However,  both  in  the  case  of  numerical  and  in  the  case  logical 
algorithms  the  content  one  and  the  same;  in  both  cases  the  algorithm 
is  defined  as  system  of  rules  for  the  solution  cf  a defined  class  of 
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tasks,  which  possesses  the  properties  of  deter irinancy,  mass 
character,  result. 

without  doubt  must  be  organized  computational  operation  at  each 
stage  of  synthesis?  This  task  does  net  have  standard  solution  with 
the  synthesis  of  nonlinear  systems  and  dynamic  programming  gives  only 
the  the  general  procedure  of  solution  elementary  operation  each  time 
must  correspond  to  the  content  of  specific  protlem. 

Page  78. 


As  the  special  feature/peculiarity  of  tne  synthesis  of  the 
optimum  scanning  antennas,  it  was  repeatedly  noted  that  for 
twe-mirror  antennas,  if  this  is  not  parabola  with  hyperbola  or 
ellipse,  in  analytical  form  it  is  impossible  to  record  wave  front 
after  reflection  from  two  mirrors.  All  the  more  it  is  not  possible  to 
analytically  express  its  deviation  from  standard  plane;  thus,  from 
the  computation  of  gradient  and  determination  of  the  direction  of 
rapid  descent  it  is  necessary  to  refuse. 

It  may  be,  it  goes  without  saying,  that  is  used  the  method  of 

an  , jn 

the  numerical  determination  of  dependences  with  following 

interpolation  results  and  already  from  the  interpolated  curves 
calculate  gradient.  However,  it  seems  to  us  that  this  path  not 
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justified  is  laborious  and  will  not  ensure  the  desired  shortening  in 
the  estimated  time.  Therefore  simpler  can  prove  to  be  the  idea  of  the 
method  of  Kachmazh  which  he  proposed  for  the  solution  of  the  system 
of  simultaneous  linear  equations  and  is  schematically  depicted  on 
Fig.  III-1  and  III-2  [ 10  ]. 


It  is  appropriate  to  note  that,  speaking  about  the  method  of 
Kachmazh,  we  we  do  not  replace  with  it  the  method  of  the  dynamic 
programming:  we  are  speaking  about  the  organization  of  the  method  of 
sorting  within  dynamic  programming.  Understanding  the  method  of 
dynamic  programming  very  widely,  as  this  is  made,  for  example,  in 
[12],  we  do  not  disrupt  the  essence  of  this  method  by  this  approach 
to  the  organization  of  the  elementary  operation  of  synthesis. 
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Fig.  1 1 1-2 . 


Page  79. 


In  the  most  complex  cases,  to  which  belongs  and  our  task, 
can  go  not  about  the  complete  a pplicat icn/use  cf  a method  of 
Kachmazh,  but  about  the  use  of  fundamental  principles  of  this  method. 
So,  instead  of  the  hyperplanes  it  is  necessary  to  examine  the 
hypersurfaces  on  which  lie/rest  on  curve,  that  correspond  to 
derivatives  of  function  AL  (or  &£  )in  terms  of  the  parameters.  This 
idea  can  be  sufficiently  fruitful  not  the  stage  of  the  optimization 
(not  synthesis)  of  parameters  of  the  initial  antenna,  for  example 
aplanatic,  which  forms  then  base  for  the  synthesis  of  optimum  in  the 


DOC  = 77200804  PAGE  J*' 

lb 

assigned  sense  antenna.  In  this  case,  the  construction  of 
axisymmetr ic  two-mirror  antenna  makes  it  possible  to  sufficiently 
easily  find  some  particular  directions  of  rapid  descent,  i.e.,  the 
directions,  which  coincide  with  the  direction  cf  rate  of  change  in 
the  function  in  its  separate  parameters.  Fcr  example,  the 
optimization  of  the  position  of  focal  point  in  the  known  position  of 
standard  plane  front  at  the  output  of  antenna  can  be  brought  to 
successive  motion  along  function  »,  when  • con*t  (Fig.  III-3). 

The  same  concerns  the  optimization  of  relation  4/A  with  given 
diameter  and  maximum  phase  error  (Fig.  III-4) . Here,  both  the  easy  to 
see  that  the  direction  of  rapid  descent  only  one  of  the  two  possible 
is  defined  as  direction  in  which  the  aberration  is  less  than  its 
preceding/previous  value. 

However,  even  in  simplest  case  already  during  the  optimization 
of  the  parameters  of  supporting/reference  antenna  we  encounter  s 
Dependence  of  its  properties  from  several  variables,  i.e.,  task 
passes  to  the  catagory  of  the  multidimensional  tasks  of  control. 
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If  the  state  of  system  is  described  by  one 
can  be  completely  correctly  solved  with  the  aid 
of  Bellman's  dynamic  programming  [ 14], 

1HCJ10  0CT8BIUVIX0H  CT8 AK&  1 <f0CT0HHH9  CHCT9M'  ^ ; > 


variable,  then  back  a 
of  table  in  the  terms 
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Here  <,i<)  . is  the  laxiiui  income,  obtained  for  N of  the 
regaining  stages  of  process,  which  begins  from  state  * and  which 
takes  place  in  accordance  with  the  optimal  strategy: 

x I *-*„));  (io. i) 

0 ‘ ; 

. mo.*[  ^ ( jj,')]  « ^(x'l;  (10.2) 

0 M.  < »• 

If  it  is  necessary  to  utilize  two  variables,  it  is  possible  to 
construct  grid  in  the  space  of  two  phase  coordinates,  for  example 


Fig.  III. 4. 


( 

I 
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It  is  obvious,  the  tasks  of  by  two  variables  can  require  the 


considerably  larger  space  of  the  mercery  of  machine  and  much  larger 
time  for  solution,  than  task  with  one  by  variable.  It  is  important 
also  to  note  that  the  state  of  system  can  be  described  by  one 
variable,  but  can  exist  certain  number  of  controlling  variables  which 
affect  the  value  of  objective  function  and  do  net  affect  the  state  of 
system.  In  our  case  the  picture  another:  there  is  a whole  series  of 
the  governing  parameters  which  affect  objective  function,  without 
changing  the  state  of  system;  they  are  this  involved,  for  example, 
the  coordinate  of  source  in  focal  curve.  At  the  same  time  there  are 
and  such  steering  functions  which  affect  the  state  of  system  and  the 
objective  function,  and  also  some  governing  parameters.  This 
function,  obviously,  is  the  equation  of  characteristic  curve:  it 
affects  the  state  of  antenna  {form  of  its  surfaces  is  changed)  and  to 
the  fora  of  focal  curve  with  scanning. 

On  the  present  level  of  knowledge  of  task  with  many  variables, 
they  substantially  limit  the  sphere  of  the  applicability  of  the 
methods  of  dynamic  programming,  especially  in  the  fairly  complicated 
methods  when  it  is  necessary  to  construct  multidimensional  grids. 
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Key:  (1).  Number  of  remaining  stages.  (2).  State  of  system. 


Page  82. 

§1.  Special  feature/peculiarities  of  the  elementary  operation  of  the 
synthesis  of  monofocal  two-mirror  antenna  with  the  fixed/recorded 
sector  of  scanning. 

Synthesis  in  principle  can  be  conducted  by  both  the  by  radiation 
method  and  the  method  of  needle-shaped  variations. 

In  first  method  the  antenna  as  such  at  the  beginning  of 
synthesis  not  at  all  exists  and  is  created  cnly  in  the  process  of 
synthesis.  With  an  entire  temptation  of  this  method,  it  is 
characterized  by  large  labor  expense,  especially  if  be  several 
control  functions,  by  low  efficiency  due  to  the  presence  of 
uncontrolled  sections  and  by  randomness  in  the  selection  of  initial 
conditions  at  the  i stage  of  the  first  stage  of  synthesis. 

The  second  method,  which  we  will  use  subsequently,  makes  it 
possible  to  considerably  shorten  computational  difficulties,  in 
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particular  because  in  initial  stage  can  be  undertaken  certain 
antenna,  which  thereby  or  by  different  of  tne  already  known  methods 
is  led  to  that  perfection,  which  it  is  possible  to  achieve  during  its 
use. 


In  accordance  with  last/latter  consideration  the  synthesis  of 
the  optimum  scanning  antenna  is  conveniently  begun  with  certain 
aplanatic  or  bifocal  antenna:  Aplanatic  antenna  can  be  used  as 
fundamental  principle  with  synthesis  of  the  scanning  monofocal 
antennas,  but  known  bifocal  - with  the  synthesis  of  bifocal  astigmats 
which  do  not  have  a precise  focus. 

Aplanatic  two-mirror  antennas  have  characteristic  curve  in  the 
form  of  circumference  and  are  described  by  the  equations: 

4<>in  if  ♦2t.i-^-(cL-  » 

^ 2(A  * bin1  ^ ) 

2 [ 2 cL  - "V  ( I - CO*  if  V]  ’ 

H * 4 S’- 


Let  us  accept  the  equations  of  this  antenna  for  fundamental 
principle  with  the  synthesis  of  two-mirror  antenna  with  the 
oscillation  of  radiation  pattern  in  sector  t9°  from  axis. 


Page  83. 
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In  this  case,  we  will  be  restricted  at  first  to  the  determination  of 
the  optimum  parameters  of  antenna  in  the  case  cf  the  location 
radiation  patterns  the  edge  of  sector,  i.e.,  at  the  point,  which 
corresponds  to  the  beam  deflection  of  angle  of  6°.  By  known  methods 
can  be  found  the  optimum  position  of  source  in  aplanatic  antenna 
for  this  deviation  of  diagram  and  the  process  of  synthesis  in  each 
stage  will  be  following:  for  datum  optimum  »,  , we  begin 
needle-shaped  variations  in  characteristic  curve  (circumference), 
beginning  about  any  part  of  it,  for  example  frcm  point  or 

^ * <j  >na.n  • ■ 

The  semantic  part  of  the  calculation,  the  optimization  of 
characteristic  curve,  actually  consists  of  the  joint  solution  of  the 
system  of  nonlinear  equations,  which  forms  the  aberrations  of  the 
separate  ray/beams: 


it,*  v'i.i."  ^ 'll*!  * 


U VV  ^ l.V’  ^tV  X4V 


during  the  limitations: 


< ^ V 

< M < M mem 

4 0 win  ^ ^0  ^ 4 0 * 
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In  system  III.  3,  are  the 

parameters  of  the  mirror  point  of  the  ray/beam  in  question  from  main 
mirror;  - the  parameters  of  the  mirror  point 

examined  ray/beam  from  auxiliary  mirror. 

Page  84. 


The  solution  of  system  must  be  such  so  that  the  obtained  values 
i * t v ' H i y • • 0 

would  provide  the  mirimum  of  the  standard  deviation  wave  of 
front  from  reference  plane,  i.e.,  this  process,  strictly,  and  forms 
the  variational  problem  of  synthesis.  However,  tne  solution  of  system 
cf  equations  III. 3 taking  into  account  the  taken  limitations  is  not 
rationally  of  synthesis  on  the  strength  of  toth  the  complexity  of 
equations  themselves  and  the  interdependency  of  steering  functions, 
as  that  is  shown  above.  Therefore,  taking  into  account  all  the 
presented  considerations,  we  let  us  turn  tc  the  singularly  acceptable 
method  of  solution  - to  dynamic  programming  [ 13,  14], 

Initially  it  seems  that  the  content  of  synthesis  in  the  terras  of 
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The  sense  of  relationship/ratio  III. 5 can  be  expressed  as 
follows.  Minimization  is  conducted  by  the  proper  selection  U „ , , at 
the  arbitrary  stage  of  interval  ® 4 4 ^ During -stage  un.,  the 

selection  of  the  values  of  steering  functions  a ♦ t is  carried  out 
taking  into  account  the  presence  preceding/previous  n - stages 
(counting  from  i stage)  and  N — (n  ♦ 1 ) the  subsequent  stages  at 
which  the  values  of  function  U already  exist  (it  remained  from  the 
preceding/previous  process).  Of  this,  consists  the  principle  of 
cptimum  character,  which  lies  at  the  base  of  the  synthesis  of  the 
scanning  optical-type  antennas. 


the 


Specifically,  during  the  first  stage 
radius-vector  of  characteristic  curve 
4,  (X^  =.  mi-n [4/u (U  -u,')]. 


is  selected  such 
which  provides 


value  of 
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Here  U is  entire  resource/lif et irae  of  control,  i.  e. , the  permissible 
class  of  characteristic  curves  and  the  range  of  variations  in  the 
separate  zones; 

~ the  resource/lifetime  of  control  in  this  zone,  i.e.,  the 
limits  of  a variation  in  the  radius- vector  of  characteristic  curve  in 
this  zone; 

is  the  minimum  value  of  distortions,  which  can  be 
obtained  for  an  antenna,  which  is  found  in  state  x,  if  one  of  its 
zones  (here  - the  first)  changes  in  accordance  with  the  optimal 
strategy . 

Page  85. 

After  computation  in  accordance  with  this  formula,  is 
reject/thrown  the  old  value  of  the  aterrations  cf  this  zone  and  in 
the  memory  of  machine  remains  the  new  value  of  the  aberrations  of 
this  zone  and  all  standard  deviations  cf  remaining  zones,  calculated 
fcr  a supporting/reference  antenna. 

Thus,  process  at  each  stage  is  conducted  on  the  basis  of 
considerations  about  the  need  for  the  minimization  of  aberrations 
both  at  this  stags  and  talcing  into  account  the  values,  obtained  at 
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strategy. 

It  is  appropriate  to  recall  that  the  classical  form  of  the 
recurrent  relationship/ratic  of  dynamic  programming  takes  the  form 


i-e.  at  each  stage  of  minimization,  process  consists  in  the  fact  that 
the  selection  of  control  pressure  y at  this  stage  must  minimize 
functional  taking  into  account  those  who  were  ottained  at  the 
beginning  of  this  stage  of  results  4 In  other  words, 

dynamic  programming  deals  every  time  with  countershaft  at  this  stage 
plus  the  initial  effect,  which  established  as  a result  of  all 
previous  stages:  there  is  no  account  of  subsequent  results  and  be  it 
cannot,  since  the  control  system  exists  in  time  and  at  each 
torque/moment  usually  there  is  information  about  its  behavior  only  in 
passed  and  present  tor que/moments.  In  this,,  as  can  easily  be  seen 
that  consists  a difference  in  the  principle  of  optimum  character, 
which  lies  at  the  base  of  the  synthesis  of  two-mirror  antenna  from 
the  principle  of  R.  Bellman's  optimum  character. 


The  elementary  computational  operation  of  synthesis  can  be 
small  changes  in  the  identical  both  at  the  stage  of  optimization 
at  the  second  consisting  stage,  i.e.,  at  the  stage  strictly  or 


about 
a nd 
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synthesis. 

Page  86. 

Let  us  examine  the  procedure  of  ccmput  at  ions  at  the  stage  or 
synthesis  by  the  method  of  needle-shaped  variations.  Let  us  assume 
that  the  antenna  works  on  reception/prccedur e and  on  auxiliary  mirror 
fall  the  ray/beams  of  source  after  reflection  from  main  mirror  (Fig. 
III. 5)  . 

"^he  typical  procedure  of  synthesis  is  a variation  of  radius 
vector  of  characteristic  curve  at  points  with  ordinate  + ^ and  - ^ . 
In  this  case,,  obviously,  will  be  charged  the  parameters  of  mirrors 
first  of  all  at  points  C,  D,  it  is  more  precise,  on  annular  sections 
by  diameter  AC  * and  t>s  on  main  and  auxiliary  mirrors.  Therefore 
function  AL  for  entire  aperture  from  new  characteristic  curve  will 
virtually  differ  from  supporting/reference  antenna  only  by  the  value 
of  aberrations  along  the  ray/beams  of  form  I,  II,  III,  IV,  which  fall 
on  section  Aj  and  VD. 


I 


Fig.  III. 5. 


Page  87. 

The  ray/beams,  reflected  froa  ring  BD  and  which  belong  to  front 
H,  are  assigned  as  follows: 

(”'7) 

fj.lc0i((f)-(b(Vjc0S^Hn(cf|-/b)VR»in-.tnn«.14U(lf|-|»|% 

P,»W'cos  VN)*j(Vlnl*iC0!’oVli,V*(Vinlf(  hin  *■*)'* 

dr,  "V  ( ^ ' '0 

^ i(A  -4^X-^-)  ’ 


- it  is  assigned,  i.e. 


\(  »i.rv  g,  ■ t»n»l ; 
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41V)  - is  v ar  ied  ; 


•<-4-  determines  point  on  ring  BD  in  arbitrary  section. 


The  ray/beams,  reflected  from  ring  AC  and  which  belong  to  front 
H 2 f car.  be  found  analogously: 

* -1,  C0»  <ft  ^ l -atbir>  | 

*1  11 

I 

l » ^ bin  oC  I i 

Ax,  A'xi)‘ 

H,  ■ ( Ct  - | A,  -H,l)  %t  * R,  V 

*i  *-‘u  + n + u * 

%1  ’ 1 - *Tt  (Ttl  ) i 
7x  * L c°b  - j t0i  «*i  k‘"  )f,  * * *i"  «*(»in  y,  i 


1 * lt>*,  * j*».j  * »*-*,  < 
Ti  ' a-~LC  ‘J  ZA  -x,b-cos^,') 


Eage  88. 


It  is  easy  to  see  from  Fig.  III. 5 that  the  part  of  the  ray/beams 
of  ring  VD  can  exceed  the  limits  of  the  aperture  of  main  mirror,  and 


^ rr\CLX  * ^ 

for  the  target/pur pcse  of  the  fulfillment  of  inequality  tnese 

ray/beams  from  examination  are  eliminated  also  aberrations  for  them 
are  not  calculated;  the  same  is  related  also  tc  the  part  of  the 
ray/beams  of  ring  AC  of  main  mirror,  if  is  superimposed  limitation  on 
the  size/dimension  cf  auxiliary  mirror. 

The  remaining  ray/beams,  which  do  not  belong  to  rings  AC  and  VD, 
will  not  virtually  change  their  directions  and  aberrations  for  them 
are  determined  stereotypica lly,  i. e. , they  are  assigned  with  certain 
space  in  the  interval 

taking  into  account  the  fact  that  Hi  (v,  > the  wave  front, 

reflected  from  the  auxiliary  mirror 

■ K -\\  -p.ni,  *V 

Wave  front,  which  is  reflected  from  the  main  mirror 
Hi  * 0 ♦ ",  • (ui*g) 


Computations  by  formulas  for  rings  A£  and  VD,  obviously,  must  be 
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conducted  at  each  stage  for  all  variations  in  characteristic  curve. 
Aberrations  for  the  zones  which  undergo  a variation  and  in  all 
remaining  zones  can  be  considered  differently.  Actually,  us  in  the 
final  analysis  interest  the  sums  of  the  standard  deviations  of  path 
lengths  along  the  ray/beams  in  question  from  standard  path.  In  the 
formula  of  aberrations,  enter,  obviously,  the  aberrations  of  the 
preceding/previous,  subsequent  zones,  and  also  the  zones  which  are 
varied  on  this  stage.  Aberrations  which  follow  N *("*<)-  and 
preced  ing/ pre vious  n - zones  in  the  process  of  this  needle-shaped 
variation (n  -Oin  the  - zone  are  not  changed;  therefore  are  possible 
two  ways  of  the  calculations:  in  the  first  case  the  function  AL  is 
calculated  by  pillar  for  entire  aperture  during  each  variation  n e| in 
the  1st  interval. 

Page  8'1. 

Another  path  assumes  that  before  beginning  of  this  stage  of  synthesis 
are  calculated  separately  all  N of  standard  deviations  with  respect 
to  the  number  zones  in  question  and  all  these  values  are  memorized 
together  with  common/general/total  function  AL  and  part  of  them  is 
utilized  for  the  further  construction  of  the  functions  of  quality. 

^fter  (n  ♦ 4K  1)  - staqe  remain  n ♦ 4F  1 new  standard  deviations 
and  N - (n  ♦ 1)  - old,  calculated  for  a supporting/reference  antenna. 
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i.  e.  , occurs  the  gradual  replacement  of  the  values,  which  are 
contained  in  the  memory  of  machine,  but  a quantity  their  always  is 
retained,  however,  this  path  can  be  used  only  in  such  a case,  when  we 
disregard  effect  n ♦ of  the  1st  varied  stage  on  one  of  n - of  those 
who  were  varied  and  N-(n  ♦ 1)  - of  the  nonvacied  stages. 

However,  strictly  speaking,  necessary  to  consider  certain  change 
in  the  parameters  of  the  zones,  close  to  that  that  is  examined  at 
this  stage  of  synthesis.  Let  us  examine  again  of  Fig.  III. 5.  With  a 
variation  in  the  parameters  of  ring,  AC  is  selected  certain 
direction,  for  example  ray/fceam  FEA.  But  if  on  one  of  the  following 
stages  will  be  varied  the  parameters  of  ring  by  a radius  win  , t hat 
direction  of  beam  FSA  already  somewhat  it  will  change  and  it  does  not 
fall  down  into  point  A of  main  mirror,  tut  this  means  that  the 
corresponding  aberration  also  to  change  also  in  sum  n - stages  it  is 
necessary  to  give  the  appropriate  replacements. 

Furthermore  it  is  apparent  that  a variation  in  the  parameters  of 
ring  VD  will  affect  tne  course  of  ray  111  and  its  aberrations;  but 
this  ray/beam  falls  on  main  mirror  at  point  G,  a ,i.e. 

this  point  it  belongs  to  those  following  by  the  stages  of  synthesis. 

Thus,  strictly  speaking,  we  must  each  time  operate  according  to 
the  recursion  formula 
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(U„n'l - is  an  aberration  in  a given  stage, 

the  sum  of  the  aberrations  of  those  zones  on  which 
operates  present  stage; 

£4«\(unl-  the  sum  of  those  standard  deviations  on  which  this 
stage  does  not  operate  (in  range  from  the  first  to  the  datum)  ; 

‘ are  sum  standard  deviations  at  all  subsequent 
stages,  to  which  thus  far  still  corresponds  the  supporting /ref erence 
artenna,  which  remained  from  the  pr eced in g/pr e v ious  stage. 

Fage  70. 


It  is  hence  logical  to  draw  the  conclusion  that  at  each  stage  it 
can  prove  to  be  simpler  to  calculate  the  aberrations  of  entire 
aperture.  The  computational  apparatus  of  the  synthesis  of  monofocal 
two-mirror  antenna  with  the  f ixed/ reco rded  sector  of  scanning 
consists  of  the  step  by  step  applicat icn/use  of  a complex  of  formulas 
(III. 7)  - (III. 9)  on  all  N - the  stages  of  each  cycle  of  synthesis. 
Moreover  the  functional  equation  of  dynamic  programming  is  actually 
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faster  semantic,  I will  eat  calculated,  and  is  determined  the  logic 
of  the  algorithm  of  the  synthesis  which  consists  of  the  solution  to 
equations  (III. 7)  - (111.9)  during  the  assigned  limitations. 

The  c ommon/ge neral/total  course  of  synthesis  in  the  simplest 
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Key:  (1)-  cycle.  (2).  stage.  (3).  stage. 

Fage  91. 

Here  (»,1,  , I correspond  to  the  optimum  position  of 

irradiator  in  suppc rting/reference  aplanatic  antenna  during  the 
deviation  of  the  maximum  of  radiation  pattern  cf  the  same  angle  0. 

Entire  process  of  synthesis,  as  is  evident,  it  is  broken  into 
the  separate  semantic  sections:  cycle  corresponds  to  this  position  of 
the  irradiator  for  which  it  is  carried  cut  (n  ♦ I)  the  stages  of 
optimization,  but  each  stage  contains  in  turn,  K of  the  stages  whose 
quantity  is  connected  with  the  number  of  intervals  to  which  are 
divided  entire  antenna  aperture,  and  also  with  a quantity  of  sorted 
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out  coordinates  of  the  points  of  characteristic  curve  for  each  zone. 

Strictly,  the  process  of  needle-shaped  variations  contains  M of 
the  stages  each  from  which  is  subdivided  into  N of  stages.  After  the 
first  stage  from  N of  stages,  must  be  carried  cut  the  second  stage 
also  from  N of  stages  for  the  target/purpose  of  the  explanation  of 
the  possible  effect  of  the  first  sections  of  characteristic  curve  on 
the  common  picture  of  aberrations  taking  into  account  its  new 
sections  which  are  obtained  at  the  last/latter  stages  of  the  first 
stage.  Actually,  at  the  first  stages  of  the  first  stage  a 
needle-shaped  variation  in  the  points,  for  example  in  region 
it  occurs  in  the  antenna  at  whose  region  K > it  occurs  in  the 

antenna  at  whose  region  ^ t 0 has  circular  characteristic  curve  and 
an  optimum  of  the  i needle-shaped  variation  (i  stage  of  the  i stage) 
appears  itself  precisely  taking  into  account  this  form  of 
characteristic  curve. 

It  is  obvious,  after  I-th  stage  of  synthesis,  cha racter is  tic 
curve  will  no  longer  be  circumference. 

Therefore  it  is  expedient  to  determine,  will  not  change 
common/general/total  result,  it  we  subject  again  of  variation  region 
1 in  the  presence  of  new  region  ^ • 0 • 
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It  is  obvious,  a quantity  of  stages  M must  be  in  the 
analysis  such  so  that  the  aberrations  after  ( (1  +■  I)  stage 
to  be  more  than  after  the  ir  stage. 


f i na  1 

would  prove 


After  are  travelled  everything  (M  + 1)  of  the  stages  of 
synthesis,  i.e.,  is  finished  the  i cycle,  we  change  coordinates  . 

The  second  cycle  in  principle  can  have  difterent  duration  depending 
on  the  degree  of  the  optimum  character  cf  coordinates  • 

obtained  as  a result  of  the  i cycle. 

Page  92. 

if  are  already  optimum  and  phase  error  will  be 

minimum,  then  cycle  [ (sit . (^,1,  ] will  contain  actually  only  one  stage 
cf  synthesis.  For  a complete  guarantee  it  is  necessary  to  conduct 
also  cycle  [(*,)5  , ( u } with  the  displacement  of  focal  point  in  the 

1(0,  .(‘A.'i.l 

opposite  direction.  This  cycle  with  optimum  will  also  have 

only  one  stage.  Thus,  it  not  one  of  the  new  values  *t  and 
decreases  the  value  of  standard  deviation,  then  synthesis  can  be 
considered  terminal;  but  if  with  some  *i  cr  phase  error  it 

decreases,  then  for  this  position  of  source  it  is  necessary  to 
conduct  another  a series  of  stages  N-stage  process  of  synthesis  in 
stages  by  means  of  needle-shaped  variations  in  characteristic  curve. 
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Thus,  after  conducting  cf  certain  number  of  cycles  for  the 
different  positions  of  source  and  the  identical  position  of  the  plane 
cf  reference  of  the  ideal  wave  front,  which  forms  angle  9 with 
vertical  line,  we  will  obtain  optimum  antenna. 

The  presented  pattern  of  the  construction  cf  the  elementary 
operation  of  synthesis  satisfies  the  fundamental  requirements, 
presented  for  the  algorithms: 


a)  it  is  the  sufficiently  determined  sequence  of  operations, 
determined  by  recursion  formula,  that  dees  not  leave  the  place  to 
arbitrariness,  but  limitations  provide  the  concreteness  of  task; 

b)  elementary  operation  is  mass,  since  it  can  serve  for  the 
solution  of  the  whole  class  of  the  tasks:  it  is  utilized  for  the 
synthesis  of  two-mirror  monofocal  antennas  with  any  initial  antenna 
cf  axisymmetric  and  axially  nonsymmetr ic,  and  also  for  the  synthesis 
of  lens  monofocal  antennas; 

c)  operation  is  fruitful/successful,  i.e.,  directed,  since  the 
fulfillments  of  equation  for  4„.,  (*>  according  to  the  presented 
diagram,  provide  the  finiteness  of  task  after  conducting  (K  ♦ I)  of 
cycles,  the  result  of  this  must  be  optimum  antenna. 
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Page  93. 


§2-  Algorithm  of  the  synthesis  of  monofocal  two-mirror  antenna  with 
the  fixed/ recorded  sector  of  scanning. 


In  this  paragraph  we  will  turn  directly  tc  the  examination  of 
the  totality  of  the  calculation  formulas,  which  lie  at  the  base  of 
the  synthesis  of  two-mirror  antenna  with  the  optimum  parameters. 
Initially  the  target/purpose  of  synthesis  is  the  simplest,  task  - 
provision  for  minimum  aberrations  during  the  deviation  of  radiation 
pattern  in  monofocal  antenna. 

Monofocal  antenna  with  the  oscillation  of  radiation  pattern, 
apparently,  is  only  first  approximation  to  the  construction  of  the 
antenna  which  provides  the  scanning/sweep  cf  ray/beam  in  sector. 
Actually,  satisfaction  of  Fermat's  condition  in  such  antennas  means 
that  they  form/shape  parallel  beam  only  for  one  position  of  source; 
therefore  producing  pencil  beam  is  fundamental  designation/purpose  of 
monofocal  antenna,  and  the  possibility  of  beam  swinging  only  its 
supplementary  property.  Of  the  optimum  scanning  antenna  the  phase 
error  in  sector  must  be  in  the  best  case  of  uniform.  Before  passing 
to  the  synthesis  of  such  antennas,  let  us  give  the  algorithm  of  the 
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calculation  of  tha  monofocal  scanning  antennas  of  particular  form. 

a)  the  condition  of  task.  To  develop  monofocal  antenna  with  the 
following  functional  parameters:  the  position  of  focus  on  the 

axis;  the  position  of  source  in  focal  plane,  which 

corresponds  to  the  deviation  of  radiation  pattern  of  0°  from  axis. 
Thus,  the  target/purpose  of  synthesis  lies  in  the  fact  that, 
obtaining  of  antenna  with  focus  on  the  axis,  tut.  ensuring  smallest 
possible  distortions  during  the  beam  deflection  of  angle  ♦ G from 
axis,  moreover  source  must  be  arrange/located  at  the  previously  fixed 
point.  Here,  it  is  logical,  the  discussion  concerns  variational 
problem  and  the  minimum  of  distortions  at  point  xt,  y,  (focus  at 
point  xo  . ) is  assumed  not  in  absolute,  and  in  extreme  sense,  i.e., 

it  is  not  assumed  that  the  aberrations  must  be  egual  to  zero. 

Fage  94. 

For  the  synthesis  of  this  antenna,  it  is  possible  to  use  the 
procedure  of  the  preceding/previous  paragraph,  the  problem  can  be 
still  simplified,  if  besides  the  positions  of  irradiators  is  assigned 
the  position  of  axial  focus  relative  to  the  apex/vertex  main  mirror 
(apical  cut  fl) . In  this  case  is  realized  a variation  only  in 
characterist ic  curve  and  distance  between  mirrors. 


i 
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The  block  diagram  of  synthesis  consists  of  N ♦ of  1 cycle,  each 
of  which  contains  M ♦ of  1 staoes: 


Here  "stage"  corresponds  to  separate  variations  in  the 
parameters  of  this  zone,  and  the  group  cf  "stages"  is  completed  by 
the  selection  of  the  optimum  parameters  of  zone  and  it  composes  the 
various  "stage"  of  synthesis. 

Each  "cycle"  of  block  diagram  corresponds  to  the  different  axial 
size/dimension  of  d:  a next  series  of  the  stages  of  synthesis  makes 
it  possible  to  establish/install  the  mutual  effect  of  variations  in 
characteristic  curve  and  of  the  axial  size/aimension  of  antenna. 

If  it  is  necessary  to  examine  even  the  effect  of  the  focal  cut 


K,  then  block  diagram  must  be  converted  tc  the  form 
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Page  95. 


Here  the  content  of  operation  "cycle"  the  same  as  in 
preceding/previous  block/module/unit  to  diagram. 

Let  us  examine  briefly  some  of  the  preliminary  optimization 
which  have  large  value  in  this  problem. 

Qualitatively  the  process  of  preliminary  optimization  proceeds 
as  follows.  Let  there  be  certain  antenna  with  a diameter  of  d,  the 
axial  size/dimension  A,  and  the  focal  length  ; the  focal  curve  of 
this  antenna  (Fig.  III. 6),  for  example,  has  form  A',  A',  during 
deviation  of  radiation  pattern  to  angle  9 fLom  axis.  In  the  general 
case  point  N with  coordinates  does  not  lie/rest  on  this 

curve,  then  in  the  process  of  synthesis,  it  is  necessary  to  fit  this 
aplanatic  antenna  (since  the  discussion  concerns  the  monofocal 
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antenna)  , at  whose  point  V<j,  would  lie/rest  on  focal  curved  this 
antenna  and  its  position  corresponded  to  the  necessary  angle  of 
deflection  of  radiation  pattern,  i.e.,  at  first  necessary  to  fit  this 
aplanatic  antenna  ( <f, /d,  . i>,  m")  , so  that  it  maximally  would  approach  in 
its  functional  pa  ra  me  te  rs  [ *0  , , x,  , for  +.  e°  ] to  by  the  antenna  to 

system,  which  is  the  target/purpose  of  synthesis-  The  further  process 
of  synthesis  is  conducted  according  to  the  method  of  needle-shaped 
variations  for  the  optimization  of  the  form  of  characterist ic  curve, 
an  axial  size/dimension  and  a focal  cut  for  the  purpose  of  obtaining 
minimum  distortions  at  point  V^e 
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Fig.  III. 6. 


Fage  96. 


As  a whole  the  algorithm  cf  synthesis  is  such. 


Condition  of  the  problem  of  synthesis; 


the  diameter  of  antenna  D; 


the  position  of  irradiator  x,y,; 
j 

the  angle  of  deflection  of  ray/beatc  9. 


3 

Limitations: 
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Initial  antenna:  two-mirror  aplanatic. 


The  objective  function 


y (x«~  *•  (l&»~ 

P 


at  --L 
1 


(ID. II) 


Here  Hz  is  the  front,  reflected  from  main  mirror. 


* (c* -i^z  - s .n  t7l  * w 


(3.12) 


Ht  - the  front,  reflected  from  auxiliary  mirror. 


■ (c»  ' I't 


(3.13) 


‘■r-U*'1*"  Coordinates  P of  the  points  of  standard  plane; 


x,_  the  surface  of  auxiliary  mirror; 


t-v*  the  surface  of  main  mirror; 


t,,-  standard  to  surface  of  auxiliary  mirror; 


t,,-  is  normal  to  the  surface  of  main  mirror; 
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ft  “ the  frontal  surface  of  the  wave,  which  falls  to  auxiliary 
mirror  from  source  with  coordinates 

The  stages  of  needle-shaped  variations  consist  of  consecutive 
calculation  and  the  est  iinate/e  val  uat  ion  of  the  aberrations  of  all 
sections,  including  of  those  that  belong  tc  su p port ing/ref ^rence 
antenna  or  the  antenna,  obtained  in  the  preceding/previous  cycle  or 
stage  (only  calculation),  and  also  the  sections  for  which  are 
realized  the  variations  (calculation  and  the  estimate/evaluation  of 
aberrat  ions)  . 

During  use  on  the  first  cycle  as  the  supporting/reference 
aplanatic  antenna  of  aberration  during  the  first  stage  of  the  first 
stage,  they  consist  of  the  aberrations  of  this  antenna. 

Page  97. 

Coordinates  of  wave  front  at  output  from  the  antenna 
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Page  99. 

Calculation  begins  against  computations  (III. 23)  at  each 

space  if,  (-if„i„  « if  **4m*t\  result  is  valid  for  all  combinations  0,  xlf 

fl- 


it is  convenient  to  select  constant  Ct  in  the  form  of  sum 

C("l(t,eo»<f| -*,)*♦  (x,»ln  <f,  eo* »c,  -y,)*  ♦ (\,*(.fi<f,Un.«-,'P;  *0.08 A, , 

which  is  calculated  when  if,  » if, , •*.,  »<»0  only  with  change  of  kj  and 
y,  and  does  not  depend  on  «•,  . 

*t'  “*the  angle,  which  determines  the  position  of  section  n 
auxiliary  mirror  and  together  with  angle  'fi  assigning  is  the 
position  of  point  on  this  mirror  in  space.  x,  and  y,  is  assigned 
the  position  of  source,  carried  out  from  focus. 


The  computation  of  the  coordinates  of  the  intersection  of 
ray/beam  with  main  mirror  ( * x , y 4 , t is  conducted  as  follows:  for 
this  combination  9,  *i  « i • they  are  calculated  for  different 

in  interval 
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where 


ft  ■*«  *1 


lit.  ■ *t  »t"  ft 

^ * ii( ' - «•»  fO 


(«.?*) 


> is  determined  (III. 21)  with  su ppor t/soc ke t 


instead  of 


Obtained  values  (III. 24)  are  substituted  into  the  equation 


J t *Jh. 


(>•«) 


where 

».  . X,  C0»  if,  t 

Hi  * 'i  Ott,  i 

l,  m X,  tin  If'  tin  *c, , 

Faqe  100. 


If  equation  (III. 25)  is  satisfied,  then  there  is 

re al ly /act ua 1 ly  the  coordinate  of  the  point  of  intersection  of 
tay/beam  with  main  mirror. 
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The  recursion  formula 

"^"♦<^1'  (B.26) 

4 0 * 4 0 mu  • 

It  is  logical  to  assume  that  preliminarily  from  these  formulas 
are  calculated  the  aberrations  of  entire  aperture.  However,  already 
after  variations  during  the  first  stage,  the  sections  in  question 
will  not  be  determined  by  the  circular  form  of  characteristic  curve 
Actually,  during  the  first  stage  of  the  point  of  characteristic 
curve,  they  will  take  the  form: 

S x 1|»  ‘ 

< * <(4*.)co»  tf*,  , 

and  then 

JMo  (HI. 27) 

* * 4'^i,  t »*j) c04  vut  n ’ 

if  optimum  is  not  the  point  of  initial  characteristic  curve. 

The  coordinates  of  the  varied  section,  obviously,  can  be 
assigned  in  a most  diverse  manner,  but  in  the  majority  of  the 
practical  cases  is  more  preferable  such  met  mod  of  the  assignment  of 
the  varied  points,  which  easily  can  be  expressed  in  analytical  form 
For  example  (Fig.  III. 7),  point  C belongs  tc  varied  section  of 
antenna,  and  to  A and  B - point  of  characteristic  curve,  belonging 
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neighboring  sections.  Point  C is  char acter ized  ty  angle  y and  by 
ordinate  He  l is  obvious,  the  only  limitation,  which  can  be 
superimposed  to  the  coordinates  of  point  C 

' ¥4  < ¥ < ¥.  1 

i.e.  the  position  of  point  C is  limited  to  the  angle  of  AOV. 

Fage  101. 


Most  simply,  apparently,  it  is  possible  tc  assign  the 
coordinates  of  points  C and  c,  if  they  are  projections  na  and  points 
A and  B respectively. 


fhen  the  angle  ¥ of  the  varied  section  characteristic  curve 
accepts  only  three  values  one  of  which  belongs  to  initial 
characterist  ic  curve,  and  two  ethers  are  connected  with  projections 
cf  points  A and  3: 
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Therefore  the  limitations,  presented  atove  can  be  supplemented 
by  the  inequality 

* * * a'tl*  -iiv.il.  v, ..  • 

i.e.  at  each  stage  angle  v must  not  exceed  the  limits  of  adjacent 
stationary  angles  (angles  f*  and  if*  in  Fig.  III. 7). 


L H 

. ILL.,  7. 
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Page  102. 

A def iciency/lack  in  this  method  of  the  assignment  of  the 
coordinates  of  the  varied  section  is  that  in  the  general  case  cannot 
be  obtained  even  the  local  extremum  at  this  stage  of  needle-shaped 
variations  in  view  of  the  limitedness  of  the  range  of  a change  in  the 
variables. 

Considerable  difficulties  can  arise  already  at  the  first  stages 
cf  the  first  stage  when  as  a result  of  needle-shaped  variations 
instead  of,  for  example,  the  circular  form  of  char  act er ist ic  curve 
it,  but  at  first  only  its  part,  is  obtained  in  the  form  of  the 
dialing/set  of  the  points,  not  connected  by  single  equation.  This,  it 
is  logical,  it  is  related  also  to  the  surfaces  cf  mirrors.  Therefore 
there  can  be  two  possibilities  of:  either  approximating  these  points 
cf  some  curve  and  using  during  the  calculation  cf  it  by  equation  or 
to  memorize  entire  dialing/set  of  optimum  points.  Here  it  can  be 
noted  that  during  the  calculation  of  the  aberrations  of  the  spaced 
antennas  nevertheless  is  necessary  in  the  final  analysis  to  resort  to 
the  discreteness  of  airfoil/profiles  and  to  the  numerical  methods  of 


,1 
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integration;  therefore  the  memorization  of  the  discrete  points  of 
characteristic  curve  can  and  not  be  insur mcuntatie  difficulty  in  the 
method  in  question. 

The  given  above  formulas  for  the  calculation  of  aberrations  can 
be,  obviously,  used  also  on  those  stages,  at  which  characteristic 
curvo  is  not  circumference.  In  the  general  case  characteristic  curve 
can  be  represented  in  in  the  form  of  a certain  curve 

H 1 4 ( <f  ) Mn  (f  , 

and  formula  (1 1 1. 8 )-  (I  II . 23)  can  be  preserved  if  we  represent 
(III.  2 3)  in  the  form 

J ck,  , -T,) 

' 2[i  .4^1  J*.j 

If  characteristic  curve  is  assigned  in  the  form  of  table,  then 
instead  of  the  latter  equation  it  is  necessary  to  utilize  recursion 
formulae. 

Fage  103. 

Let  us  note  the  special  feature/peculiarities  of  the  

const r uct ion  of  logical  operations  in  those  stages  in  which 
characteristic  curve  will  be  represented  by  the  dialing/set  of 
points. 


r 
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Before  beginning  of  the  first  stage  of  calculation  in  the  memory 
of  machine,  is  stored  the  value  of  the  total  aberrations  of  entire 
aperture  of  supporting/reference  antenna  aLc  . During  the  first  stage 
are  calculated  aberrations  AL,,  for  rings  AS  and  VD(Fig.  II  1.5)  with 
the  coordinates  of  characteristic  curve: 


(ID. 28) 
Eat 


' * 4 ('t'J  , ♦ t)  COi  ^ * 6 

and  an  entire  remaining  part  of  the  antenna  The  obtained 

value  af'  is  compared  with  support  ing/ref  erence  L o ; i £ &l',  < aL„  , 
then  of  the  memory  of  machine  is  rubbed  »U5  , and  is  memorized  al',  f 

coordinate  (III. 28)  and  an  entire  remaining  part  of  characteristic 
curve. 

In  this  case,  alj  is  memorized  in  the  fori  of  the  sum  of  the 
aberrations  of  this  ring  and  entire  remaining  part  of  the  aperture 

6l,  . ♦ Eat #ct , . 

On  second  stage  are  calculated  the  aberrations  for  rings  AS  and 
VD  with  the  coordinates  of  characteristic  curve: 

»*  U* 

they  are  summarized  with  the  aberrations  of  an  entire  remaining  part 
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ct  the  antenna  Z 


If  new  value  Ab",  is  lower  than  previous &L't 


then  in  the  memory  of  machine  remains  H‘(  # coordinate  (111.29)  and  an 
entire  remaining  part  of  characteristic  curve. 


At  the  third  stage  are  calculated  the  aberrations  of  the  ring 


* ‘ h < 


(111.30) 


X .4(1 4V  ' 

and  of  an  entire  remaining  part,  including  (III. 29).  New  sum  a l"'  is 
compared  with  a l’  and  is  selected  smaller  value,  that  also  is  the 
result  of  this  stage. 


Page  104. 


Thus,  on  each  section  of  aperture  are  calculated  three  values  of 
the  aberrations  of  this  ring: 

*1^  i m i i,i,J 


(they  are  stored  in  the  memory  of  machine  only  on  the 
extent/elongation  of  this  stage)  and  aberrations  of  an  entire 
remaining  part  of  the  antenna 


which  are  calculated  one  time  for  each  interval  of  aperture  (each 


interval  it  corresponds  to  three  stages  of  syn thesis) , at 


it  is 
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stored  in  the  memory  for  the  extent/elongation  cf  three  stages,  which 
correspond  to  one  interval  cf  aperture. 

Total  aberration  at  this  stage  is  equal  tc: 

In  accordance  with  that  which  was  presented  in  the  memory  of 
machine,  are  stored  the  aberrations  in  the  form  of  the  terms  of  sum 
(III. 31)  and  of  the  coordinates  of  the  optimum  points  of 
characteristic  curve  or  the  equation  of  its  part,  if  the  discussion 
concerns  the  unfinished  first  stage  and  there  is  at  least  a partially 
supporting/reference  antenna,  used  as  the  basis  of  synthesis. 

This  formulation  of  the  logical  operations  of  the  algorithm  of 
synthesis,  obviously,  is  not  the  only  possibility.  For  example,  as 
noted  above,  at  each  stage  of  synthesis,  can  be  calculated  the 
aberrations  of  entire  aperture,  and  then  in  the  memory  of  machine  are 
stored  only  initial  data  and  the  coordinate  of  characteristic  curve. 

Thus,  in  present  paragraph  is  manufactured  the  sequence  of  the 
calculation  formulas  whose  app  1 ica t ion/use  must  ensure  the 
construction  of  optimum  two-mirror  antenna  with  the  oscillation  of 
radiation  pattern,  the  deviation  of  diagram  of  this  angle  e 
corresponding  the  location  of  source  at  point  i.e.,  is  comprised 
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numer ica 1- logical  algorithm,  which  is  of  the  consecutive  execution  of 
arithmetic  operations  (calculation  of  aberration)  with  the  subsequent 
evaluation  of  the  obtained  results  fer  each,  the  stage  of  synthesis 
(logical  operation)  and  the  selection  of  the  mest  optimum  parameters 
both  the  separate  sections  and  the  antenna  cf  system  as  a whole. 

Fage  105. 

b)  the  following  possible  task  of  synthesis  consists  of  the 
development  of  antenna  also  with  the  fixed/recorded  angular  sector  of 
scanning,  but  already  with  the  predetermined  trajectory  of  the 
displacement  of  source.  Term  "predetermined  trajectory  of  the  motion 
of  source"  can  have  the  different  treatment:  it  is  possible  to  count 
that  is  assigned  the  equation  of  trajectory  (straight  line,  circle) 
and  its  geometric  dimensions,  and  it  is  possible  to  assume  that  is 
given  only  equation  of  trajectory,  and  it  it  is  geometric 
size/dimensions  (for  example,  the  position  of  source  at  the  edge  of 
sector)  they  are  not  specified,  in  this  case,  can  be  assigned 
following  parameters:  the  diameter  of  antenna,  axial  size/diraension, 
size/dimensions  the  sector  of  the  oscillation  of  beam  and  the 
characteristic  points  of  focal  curve.  These  points  can  correspond  to 
the  position  of  source  on  the  axis  (since  it  is  considered  monofocal 
antenna)  and  to  its  position  during  the  deviation  of  beam  of  maximum 
angle.  However,  assigning  the  position  cf  source  at  the  edge  of  the 


DCC  = 77200805 


PAGE 

H1 

sector  of  scanning,  it  is  possible  to  considerably  impoverish  task, 
since  the  possibilities  of  a variation  in  characteristic  curve  in 
large  measure  will  come  to  a variation  cnly  in  form  of  characteristic 
curve  without  a substantial  change  in  the  paraxial  focusnof  antenna. 
Therefore  in  the  general  case  it  is  expedient  tc  assign  only  position 
cf  source  on  the  axis  and  the  angle  of  deflection  of  ray/beam  , but 
its  position  at  the  edge  of  sector  will  be  determined  into  the 
process  of  synthesis. 

Condition  of  the  task  of  the  synthesis: 

the  diameter  i>  ; 

the  focal  curve 

the  sector  of  the  scanning  o’  * e * e ; 

focal  of  cutting. 


Limitations 


4*4 o '* 

M » X,  » 0 v 


at  each  stage  ^ angle  y 


v* 


9 9 O/ict^ 
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Calculation  formulas  - ( I II . 8)  - ( 1 1 1-  2l> ) taking  into  account 

(III. 25)  -(II 1-27)  . 

One  should  especially  touch  the  question  concerning  the 
estimate/evaluation  of  the  aberrations  when  is  assigned  focal  curve, 
but  not  isolated  point  of  the  location  of  source.  It  is  easy  to  see 
that  prevailing  will  be  the  requirement  not  for  the  minimality  of 
aberrations  for  the  particular  angles  cf  deflection  of  ray/beam,  but, 
for  example,  the  minimum  of  the  average  value  cf  the  root- mean -sgu a re 
aberrations  of  entire  aperture,  calculated  for  the  optimum  positions 
of  source  in  focal  curve. 

According  to  approximation  method  in  the  space  of  strategies,  as 
the  basis  of  synthesis  can  be  placed  certain  kncwn  antenna  whose 
fundamental  parameters  are  maximally  approximated  to  the  parameters 
cf  the  which  interests  us  antenna.  Let  us  use,  as  before,  as  initial 
aplanatic  antenna  with  the  same  size/dimensions  d,  D,  x0,  y0. 

It  is  assumed  also  that  by  the  kncwn  methcds  of  the  optimization 
cf  the  parameters  of  aplanatic  antennas  is  found  the  antenna  with 
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minimum  aberrations,  i.e.,  is  found  the  r ad ius- vector  40  of 
characteristic  curve  (circumference)  at  assigned  d,  D,  x0,  y0. 

The  procedure  of  synthesis  is  determined  ty  the  following  block 
diagram : 


Key:  (1).  cycle.  (2).  stage.  (3).  stage. 

Page  107. 

Here  each  stage  - is  separate  needle-shaped  variation  in  state 
space.  The  very  complex  and  laborious  result  of  each  variation  is  the 
selection  of  the  optimum  value  of  the  varied  radi us- vector  of 
characteristic  curve:  each  variation  can  be  estimated  (it  is  accepted 
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or  re  ject/thrown)  only  after  the  calculation  of  the  aberrations  of 
entire  aperture  for  certain  position  of  source.  The  realization  of 
stated  problem  requires  the  expansion  cf  the  space  of  rough  estimate, 
since  it  is  necessary  to  consider  that  it  is  assigned  the  whole  focal 
curved,  but  not  one  point  of  the  location  of  irradiator  (increase  in 
the  dimensionality  of  task).  Therefore  to  each  stage  it  corresponds 
as  many  the  computations  of  the  aberrations  of  entire  aperture,  as 
separate  positions  of  sources  will  be  isolated  in  focal  curve  (small 
squares  on  block  diagram).  Each  stage  of  block  diagram  means  that  for 
this  zone  selected  optimum  value  of  coordinates  taking  into  account 
the  presence  of  all  remaining  sections  of  mirrors  and  characteristic 
function  which  are  obtained  at  the  beginning  of  this  stage. 

Each  cycle  contains  the  separate  dialing/set  of  calculations  for 
all  zones  of  the  antenna:  the  first  cycle  contains  the  first 
variation  in  the  aplanatic  antenna,  the  second  cycle  contains  a 
variation  in  this  variation  and  so  forth,  until  next  variation  leads 
to  an  increase  in  the  aberrations  in  comparison  with  the 
preceding/previous  antenna. 

c)  finally,  most  general  problem  of  the  synthesis  of  the 
monofocal  scanning  antenna  - the  construction  cf  antenna  with  the 
minimum  aberrations  with  of  the  oscillation  of  radiation  pattern  in 
sector  *9  without  limitations  on  form,  trajectories  and  on  the 
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position  of  sources  in  the  process  of  scanninq. 

The  only  concrete  definition,  which  it  is  expedient  to 
introduce,  is  assignment  of  axial  size/di  mens icr  and  position  of 
focus  relative  to  the  apex/vertex  main  mirrcr.  To  variations  is 
subject  the  form  of  characteristic  curve,  including  the  value  of 
paraxial  focal  length. 

Faqe  108. 


In  the  process  of  synthesis,  it  is  necessary  to  introduce  the 
concept  of  the  minimum  of  aberrations  in  the  sector  of  scanninq.  to 
consider  the  average  (or  root- mean-square)  value  of  aberrations  in 
all  sector  is  necessary,  if  we  assume  that  is  possible  such  monofocal 
antenna,  at  whose  aberrations  are  net  proportional  to  the  deviation 
of  diagram  from  the  axis  of  antenna-  Therefore  in  the  general  case  it 
is  necessary  to  utilize  value 


& l 


at,  * a(t*  . . ♦ 
p 


(D.  32) 


cr 


c«  * "V  t- 


characterizing  distortions  in  all  sector  of  scanning 
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Here  al,  is  an  average  value  of  aberrations  in  sector;  af,  is 
an  aberration  at  the  particular  point  of  the  focal  curve:  p - the 
number  of  points  in  focal  curve  in  which  are  designed  aher ration ; ck 
is  the  RMS  value  of  aberrations. 

In  turn. 


, at.  ♦ • * at,, 

4 f * " (Ik. 39) 

cr 

* “Ft-  ^ *ln  • (111. 34) 

where  aln  are  aberrations  on  separate  ray/teams;  n is  a number  of 
zones  to  which  is  broken  aperture  of  antenna. 

Aberrations  (III. 14)  correspond  to  aberrations  (III. 8)  and  the 
singing  of  formula  (II I. 8) - (1 1 1. 24) tak  i rg  into  account 
(II I.  2 5) -( 1 1 1.  2 7)  are  valid  also  in  present  task,  conditions  and 
limitations  take  the  form. 

It  is  given:  diameter  D,  the  sector  of  scanning  0** 

Limitation  s: 

4 * 4o  » 

M » » 0 , M »0  . 
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Page  109. 

Interval  of  variations  in  the  angle  * at  each  stage 

7(vrtv7,  * 11  ' ' 

It  is  qualitative  the  process  of  synthesis,  as  in  the 
preceding/ previous  cases,  it  is  convenient  to  characterize  by  the 
fleck  diagrair: 
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Key:  (1).  cycle-  (2).  staqe.  (3).  stage. 


The  first  semantic  operation  is  the  calculation,  which 
corresponds  to  the  square  of  ’’stage- " A*  each  stage  is  varied  cne 
coordinate  of  the  zone  cf  antenna  in  question.  For  these  variations 
are  calculated  the  aberrations  of  entire  aperture,  the  source 
consecutively  occupying  a series  of  positions  in  accordance  with  the 
deviation  of  radiation  pattern  from  axis  at  angles  from  0°  up  to  • 
Tn  this  case,  for  each  position  of  ray/beam,  it  is  necessary  to  find 
the  best  position  of  source  (pcint  of  the  best  focusiny)  and  the 
connected  groups  of  small  squares  correspond  to  the  selection  of  this 
point.  Thus,  each  small  square  corresponds  to  the  calculation  of  the 
aberrations  of  entire  aperture  for  this  position  of  source  in  this 
angle  of  deflection  of  ray/beam  and  this  variation  to  coordinate  the 
zone  in  question. 


Page  110. 

The  number  of  groups  of  small  squares  corresponds  to  the  number  of 
intervals  to  which  is  divided  the  sector  scanning. 

Each  stage  concludes  with  the  selection  of  a optimum  variation 
in  the  coordinates  of  separate  zone  taking  into  account  aberrations 
in  all  sector  of  scanning. 
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Calculated  cycle  corresponds  to  the  development  of  the  new 
antenna  which  on  its  aberrations  is  better  than  that  that  was 
selected  as  the  base  before  beginning  of  the  process  of  synthesis, 
either  it  is  better  than  the  antenna,  obtained  as  a result  of  the 
preceding/previous  cycle,  i.e.  , each  cycle  is  a result  of  a variation 
in  the  antenna  with  new  boundary  conditions,  precisely,  from  new 
characteristic  curve  or  new  axial  focal  size/dimension,  if  variation 
begins  from  or  zone  (y  = 0). 


§3.  Algorithms  of  the  synthesis  of  non-focal  antennas. 


As  the  scanning  electromechanical  antennas  it  is  most  expedient 
to  apply  such  devices  in  which  because  cf  certain  compromise  can  be 
obtained  the  properties,  which  ensure  the  greatest  informativeness  in 
the  process  of  the  execution  of  the  fundamental  functions  of  antenna. 
If  antenna  is  utilized  only  for  beam  swinging,  then  it  is  always 
desirable  so  that  the  parameters  of  radiation  pattern  little  would  be 
changed  in  all  sector  of  survey/coverage. 

a)  concerning  the  problem  of  the  synthesis  of  antenna  with 
uniform  aberrations,  it  should  be  noted  that  the  question  is  not  the 

trivial  solution  which  it  can  be,  for  example,  is  obtained  because  of 

the  use  of  a non-optima  1 form  of  focal  curve. 
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Fig.  III. 8a. 


Page  111. 


Figures  III. 8a  shows  (schematically)  optimum  focal  curve  AV  and 
other  focal  curves  of  VD  and  AS  the  mcncfocal  antenna,  which  has 
focus  on  the  axis  of  symmetry.  In  the  known  monofocal  antennas  of 
axial  symmetry,  the  dependence  of  amplification  factor  on  t.he  angle 
c£  the  oscillation  of  radiation  pattern  takes  the  form  of  curve  I 
(Fig. III. 8a) . Apparently,  selecting  the  focal  curve  (AS  or  VD)  in 
Fig.  III. 8a),  it  is  possible  to  obtain  also  in  monofocal  antenna  the 
dependence  * s)  on  the  angle  of  scanning  in  the  form  of  straight  line 
II  (Fig.  III. 8b)  or  of  close  to  it  curve.  However,  it  is  completely 
cbvious  that  this  "egua 1 i zation"  according  to  the  worse  result  is  not 
optimum  and  it  is  most  desirable  to  obtain  the  averaged  depend ence  in 
the  form  of  straight  line  III.  This  direct/straight  (or  by  close  to 
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it  curve)  must  correspond  optimum  focal  curve,  i.e.,  to  each  angle  of 
deflection  must  correspond  such  position  of  source,  which  provides 
the  maximum  of  amp  1 if ica t ion  factor.  Last/la* ter  prerequ is  it e/ prem ise 
means  that  the  requirement  for  the  uniformity  cf  the  phase  error  in 
sector  it  cannot  satisfy  either  monofocal,  or  bifocal  antenna,  i.e., 
or  ore  antenna,  which  forms  the  collimated  light  beam  in  certain 
position  of  source. 

Important  is  the  question  concerning  hew  tc  select  the  criterion 
cf  optimum  character  for  the  modification  of  antenna  in  question,  on 
one  hand,  we  must  analytically  formulate  the  need  of  providing  the 
smallness  of  the  error,  while  on  the  other  hand  - its  maximum 
constancy  in  sector. 

It  is  possible  to  count  that  it  is  necessary  to  provide  the 
minimum  of  the  maximum  deviation  cf  mean  error  vith  respect  to  v s 
sector  from  the  assigned  magnitude  AL. 
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Fig.  I II-8  h. 
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The  block  diagram  of  the  process  of  synthesis  takes  the  form 


ey:  cycle-  <2)-  stage.  (3).  stage.  (4).  Operation. 


Here  also  is  conveniently  the  analysis  of  block  diagram  he jun 
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against  the  examinations  of  the  sequence  of  processes  under 
common/general/tot al  name  "stage".  Each  stage  corresponds  to  a 
separate  variation  in  the  parameter  / of  the  zone  in  question. 

Since  each  such  variation  is  conducted  by  the  presence  of  remaining 
stationary  points  (there  exists  each  time  entire/all  antenna, 
supporting/reference  or  obtained  on  cf  preceding/previous  stages  3, 
the  effectiveness  of  separate  variation  is  rate/estimated  by  the 
computation  of  aberrations  of  entire  aperture  talcing  into  account 
this  variation.  Moreover,  aberrations  must  be  calculated  for  entire 
sector  of  scanning,  broken  into  the  discrete  angles  of  deflection  of 
ray/beam,  to  each  of  which  it  is  necessary  to  find  the  appropriate 
optimum  position  of  source  (to  group  of  the  small  squares). 

To  each  value  of  the  radius- vector  of  characteristic  curve  { 
must  be  placed  into  conformity  the  series  of  the  values  of  angular 
function  a - a(0).  To  each  concrete/specific/actual  value  a = a(y)  in 
this  radius- vector  of  conditional  characteristic  curve  corresponds 
the  process  of  computations  with  common/general/total  name 
"operation". 

fage  113. 

Here  is  related  the  selection  of  the  best  positions  of  source  in 
sector  for  the  discrete  angles  of  the  relation  cf  ray/beam  (group  of 
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snail  squares)  by  the  calculation  of  the  aberrations  of  entire 
aperture.  After  will  be  made  the  computations,  which  correspond  to 
all  groups  of  small  squares,  the  conclusion  about,  the  effectiveness 
of  a variation  in  parameters  of  this  zone  <f(V)  and  a{ <t>)  is  made  on 
the  basis  of  recurrence  formula 

Each  stage  concludes  with  selection  and  the  memorization  of  the 
optimum  parameters  {(tp)  and  a ($)  concrete/specific/actual  zone,  and 
also  the  average  value  of  aberrations  to  sector  and  degree  of 
deviation  of  the  uniformity  of  these  aberrations  from  the  assigned 
magnitude.  Thus,  the  number  of  "stages”  is  equal  to  the  number  of 
variations  in  the  radius- vector  of  the  separate  zones  to  which  is 
broken  antenna  aperture  (they  are  implied  tne  circular  zones). 

The  number  of  "operations",  just  as  stages,  not  defined,  since 
it  depends  on  the  speed  of  the  appearance  ot  an  outer  limit  of  the 
radius-vector  characteristic  curve  and  angular  function  in  each  zone. 

Each  "stage"  contains  entire  complex  ot  computations  for  one 
zone,  and  its  result  are  the  optimum  parameters  of  this  zone. 

Each  "cycle",  as  can  easily  be  seen  that  it  is  completed  in  the 
general  case  by  the  synthesis  of  the  new  antenna,  according  to  its 
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scanning  properties  which  exceeds  initial  antenna. 

Let  us  now  move  on  to  the  examination  of  the  analytical 
operations  of  synthesis. 

According  to  approximation  method  in  the  space  of  strategies, 
before  beginning  strictly  of  synthesis  (1st  cycle)  it  is  necessary  to 
select  the  supporting/reference  antenna  which  is  maximally  close  in 
its  parameters  and  the  properties  to  the  which  interests  us  antenna. 
This  antenna  can  be  the  antenna,  which  does  net  form  on  output  pencil 
team.  The  equations  of  this  antenna  are  obtained  in  §2  the  first 
chapter.  In  the  process  of  synthesis,  must  te  obtained  the 
dependences  a($)  and  ^(if)  i.e.,  wave  front  and  the  amplitude 
distribution  of  compromise  antenna. 

Page  114. 

As  in  the  case  of  monofocal  antennas,  the  fundamental  function 
of  quality  it  is 

-Ht|V  ♦(*„•  itf.  (I.W) 

Here  .*»are  coordinates  ^ of  the  points  of  the  standard 


plane : 


1 
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to 

Nj  - the  front,  reflected  from  main  mirror. 


# (1.8?) 

where  in  turn,  J}^  - the  front,  reflected  from  the  auxiliary  mirror 

R»  *(c»  * I*,  “ *1,  » (1,30) 

T,  *s  d radius-vector  of  auxiliary  mirror;  \ is  a 
radius-vector  of  main  mirror;  ^ is  single  normal  to  the  surface  of 
auxiliary  mirror;  ^ is  single  normal  to  the  surface  of  main  mirror;f, 
is  a radius- vector  of  the  front,  which  falls  frcm  source  about  by 
coordinates  x,  , , 


The  surface  of  auxiliary  mirror  is  assigned  by  the  differential 
equation 


*•  JhjA  [{  (u.tf, nu**,)  - 


»tg— (t,eok  (f4  - cow  MSdiom*,] 
(Jittna,  -Mt|  *,)  " 
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For  statement  in  (III.  38)  it  is  necessary  consecutively  to 
calculate: 


» 


• >l»  * * (in 


k 
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Constant  C4  in  III.  38  we  assign  in  the  form 


Assigning  here  i , (,  .m*  we  provide  the  position  of  wave 
front  A,  always  in  the  interval/gap  between  mirrors.  Computations 
according  to  III.  45  are  conducted  only  upon  exchange  and  do 

not  depend  on  and  0,.  Angle  6j  determines  the  position  of  section 
cn  auxiliary  mirror  and  together  with  0,  is  assigned  the  position  of 
the  point  on  this  mirror,  into  which  falls  the  ray/beara  of  source. 

Angle  6,  changes  in  interval  of  0-180°,  while  angle  0,  - in  interval 

The  computation  of  the  coordinates  of  the  intersection  of 
ray/beam  with  main  mirror  ( it  , ^v,  ^ is  conducted  as  follows: 

for  the  assigned  combination  0 , x(  ,yt,  i, , they  are  calculated 

for  equal  to  62  in  interval 

K*  ♦***»*•  -HHl* » (®*^> 

*w*Kt*4"  • 

I 

L 


Un  ( * JTt ' *0  ♦ Un  "L  * 
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Here  xt  is  determined  from  (III. 39)  with  substitution  instead  of 


Those  who  were  obtained  **,  « ».  t l »,  we  substitute  in 


where 


*«  *x,eo fc  t/ , * 

• i,  if,  eo»$,  > 

l,  • X,*in  tf,  Vin  »(  . 
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If  (III.  47)  is  satisfied,  then  those  who  were  found 
are  really/actually  the  coordinates  of  the  foint  of  intersection  of 
ray/beam  (III. 47)  with  main  mirror. 


In  terms  of  the  obtained  values  we  determine  the  front, 
reflected  from  the  main  mirror  H2: 
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.W?. 

1.«  ■-•••(If,--.)  * 

It,  * A)v 

T«»  • »i«  ix  **.)■ 

I'i  -M*  -O1  . 

H"  *(c«  *!'«“?,  1)*..,  ♦•i.  i 

Hu  m(C«“'|x,  - M)  l,,,  ♦ it  , 
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(uv*e) 


(ill  49) 


(0.50) 


(0.51) 


(0.52) 


The  coordinate  of  plane  of  reference,  which  forns  angle  with  y 
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axis,  they  take  the  form: 


♦ * 


(a. 53) 


Coordinates  (III.  53)  are  calculated  from  entire  totality  of 
formulas  (II 1. 36) - (III . 52)  with  substitution  #,  = 0,  i.e.,  standard 
plane  intersects  (or  it  concerns)  front  Rt  at  the  point  of  its 
intersection  with  the  ray/beam  of  the  source  which  is  reflected  from 
auxiliary  mirror  in  point  * x = 0. 

b)  the  circuit  of  non-focal  antenna  can  be  placed  as  the  basis 
cf  bifocal  antenna  with  the  maximum  compensation  for  astigmatism. 
There  is  in  form  an  antenna,  in  which  fcr  one  position  of  radiation 
pattern  ( e a 0)  are  obtained  minimum  aberrations  both  in  the  plane  of 
deflection  of  ray/beam  and  in  perpendicular  plane,  known  bifocal 
two-mirror  and  lens  antennas  [ 16]  were  obtained  in  the  form  of  the 
bodies  of  revolution  of  two-dimensional  envelope  around  the 
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longitudinal  axis,  in  this  case,  in  one  plane  of  aberration,  they  are 
absent,  and  in  perpendicular  plane  occurs  astigmatism.  The 
elimination  of  aberrations  in  two  planes  occurs  only  in  me tal- plate 
lenses  with  constraint  [ 17].  Two-mirror  antenna  with  such  properties 
cannot  be  obtained  in  view  of  the  limitedness  of  the  number  of  free 
parameters. 

Page  119. 

// o uj  «.  v e r , the  compromise  version  of  antenna  with  the  reduced 
astigmatism  because  of  certain  assumption  of  coma  and  spherical 
aberration  can  find  use  as  the  scanning  antenna. 

The  block  diagram  of  the  process  of  the  synthesis  of  bifocal 
anastigmatic  antenna  can  be  represented  in  the  following  form: 


Key:  (1).  cycle-  (2).  stage.  (3).  stage.  (4).  operation. 


A 
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Here  "cycle"  - the  process  of  the  conversicn  of 
supporting/reference  antenna  (first  variation  in  this  antenna)  ; 

"stage"  - a variation  in  one  zone,  where  enters  a variation  in  the 
parameters  <(if)  and  a(y).  "stage"  corresponds  tc  the  separate 
variation  to  which  corresponds  a series  cf  variations  in  the 

parameters  a(y)  ("operation").  For  this  value  «£(lp)  and  a (y  ) in  this 

zone  are  calculated  the  aberrations  of  entire  aperture  during  the 
deviation  of  standard  plane  of  angle  0 from  the  axis  of  antenna. 

If  is  assigned  only  angle  Q and  is  not  assigned  the  position 
cf  source,  then  it  must  be  found;  to  this  process  corresponds  one  to 
group  of  small  squares  unlike  the  series  of  groups,  which  occurred  in 
the  preceding/previous  task.  Formula  and  the  procedure  of  their 
application/use  the  same  as  in  the  case  of  the  synthesis  of  antenna 

from  uniform  phase  error  in  sector,  but  taking  into  account  the 

presented  special  feature/peculiarities.  *r 
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DISTRIBUTION  LIST 


DISTRIBUTION  DIRECT  TO  RECIPIENT 


ORGANIZATION  MICROFICHE 

A205  DMATC  1 

A210  DMAAC  2 

B34L  DIA/RDS-3C  8 

CO  1*3  USAMIIA  1 

C509  BALLISTIC  RES  LABS  I 

C510  AIR  MOBILITY  R&D  1 

LAB/FIO 

C513  PICATINNY  ARSENAL  1 

C535  AVIATION  SYS  COMD  1 

C591  FSTC  5 

C619  MIA  REDSTONE  I 

D008  NISC  1 

H300  USAICE  (USAREUR)  1 

P005  ERDA  i 

P055  CIA/CRS/ADD/SD  1 

NAVORDSTA  ( 50L)  1 . 

NASA/KSI  1 

AFIT/LD  1 


ORGANIZATION  MICROFICHE 


E053  AF/INAKA  1 

E017  AF / RDXTR-W  1 

E404  AEDC  1 

E408  AFWL  1 

E410  ADTC  1 

E413  ESD  2 

FTD 

CCN  1 

ETID  3 

NIA/PHS  1 

NICD  5 
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